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Quantitative and genotypic analysis of TT virus 
infection in Chinese blood donors 



Sheng Zhang, Winnie Yeo, Che Kit Lin, Xicio-Rong Lin, Mandy W. Tang and Philip /. Joh^n 



BACKGROUND: The TT virus (TTV) is a member of a 
newly described family of human viruses related to the 
Circovihdaowuses. Ws association with specific diseases 
has not be^n established, and screening of blood donors 
has not been Implemented. To dale, 1 6 genotypes have 
been identified. 

STUDY DESBGN AND METHODS: Sora from 471 healthy 
blood donors (aged 1 1 -58 years) were randomly selected 
and tested for TTV by the use of two sets of primers: 
NG59d/'NG61d^G63d primers and T801/T035 primers. 
Quantitative competitive PGR (QC-PCR) was developed 
to measure the TTV DN A concentration among the blood 
donors. Sequencing of a part of the genome was per- 
formed to identify the various genotypes. Several samples 
showed a mixed genotype infection. 
RESULTS: TTV was detected in 251 (53.3%) of 471 
healthy Hong Kong blood donors by the use of NGSSd/ 
NG61 d''NG63d primers. The prevalence of the virus in- 
creased steadily with age (p - 0.03). TTV DMA was de- 
tected in 90 percent (90 of a randomly selected 100) of 
samples by the use of T801/T935 primers. TTV DNA con- 
centration was also meTasured by CX^-PCR in the blood 
donors who were positive for TTV DNA in the first round of 
the heminested PGR. TTV titers ranged from 4.8 x 1 0^ 
copies per mL to 6 >< 1 0** copies per mL, with a median 
value of 1 .2 X 1 copies per mL. Sequencing and phyloge- 
netic analysis of a 223-bp fragment from open reading 
frame 1 showed three main genotypes (G1 [60.7%], G2 
[24.3%], and G3 [14%]) and a new genotype 17 (G17), 
with the latter bearing 60-percent nucleotide homology with 
other genotypes deposited at GenBank. In addition, a new 
TTV subtype, G2f, was found. 

CONCLUSION: The prevalence of TTV is high In healthy 
Chinese blood donors. Three main genotypes (G1 , G2, 
and G3) were detected. In addition, a new TTV genotype, 
tentatively designated as G17, and a new subtype, G2f, 
were identified. 



g - o 

lelT virus {Tr\0 isamemberofanewly(Ji3:riHfe«l 
family of human viruses related to the CifvBlirid^ 



The 
fa] 
^anises,^*^ TlVwas first identified in the s^^m 
patient (TT) with posttransfusion a] no^^-to@ 
hepatitis by representationaJ differential analysis^d was 
reported to be an unenvelopcd, single -stranded virus 
with similarities to tiie Parvoviridae fainily.^^ By the use of 
heminested primers targetingtiie N22 region of tlie TTV open 
reading frame (ORF-1), TTV sequences were found in more 
than 45 percent of Japanese patients with fulminant hepatic 
failure or chronic liver disease, but also in patients with 
parenteral risk factors (e.g., hemodialysis patients, hemophili- 
acs, IV drug users) and in 12 percent of blood donors.^ It was 
deduced from these observations that TTV may be anotlier 
candidate virus for cases of unexplained hepatitis. Ftecent 
studies from the United Kingdom, Thailand, the United 
States. Germany, Japan, and South Korea confirmed a liigh 
prevalence of TT\^ infection among the general population, 
blood donors, arid patients with liver disorders, but no clear 
flssoclatioii could be established between ITV infection ar\d 
any specific disease.^^' The recent detection of a very high 
prevalence of TTV^n Japanese blood donors, by use of an- 
other primer pair that targets the untranslated region of the 
TTV^ genome (T801/T935), makes even the association be- 
tween TIV infection and human hepatitis quesdonable.^^ 



ABBREVIATIONS: IS = internal standard; ORF - open reading 
frame: QC-PCR ^ quanticadve competitive PGR; TTV - TT vi- 
rus; \VT ^ \\ild-type. 
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Tn the initial Japanese study, sequencing a part of the 
ORP-1 gene showed that TTV could he divided into geno- 
t^qjc groups 1 and 2 and then further divided into tv\'o sub- 
r>^.)es v\ith about 85-percent nucleotide identity (la and 2a, 
2b) . Subsequendy, genotypes 3 through ] 1 have ]>een identi- 
fied.S'^®'^^'^^^^ The rrv genotypes IZOirough 16 were identi- 
fied in a subseqiBent publication, which confirmed signifi- 
cant sequence heterogeneir>f of the genome.^'* llie aims of 
tlie present study were to assess tiie prevalence and \iral load 
of Trv in Chinese blood donors and to determine the geno- 
type profiles of the virus strains foiuid in this population, 

MATERIALS AND METHODS 
Blood samples 

Foxir hundred se\^nry-one randonity selected serum samples 
from blood donors were collected at the Hong Kong Blood 
Banic (Hong KongTransfusioji Servdce, Hong Kong, China), 
The samples were centrifuged and the serum stored at -70°C 
within 4 hours of collection. All samples were tested and 
found to be negative for HIV and IICV antibodies and for 
HBsAgby an EI/\ system (Axsvm, Abbott I aboratories, Abbott 
Park, IL), None of the donors reported a histor>' of liver dis- 
ease or blood transfusion. 

DNA extraction and PGR amplification of TTV 
sequences 

DNA was extracted from 100 pL of plasma by the phenol and 
chloroform tnetliod as described previously, with the addi- 
tion of yeast tRNA to act as a carrier.^^ Several precautions 
were taken to avoid contamination, including DNA extrac- 
tion in a separate room with filtered tips and the use of water 
as a negative control, throughout tiae extraction and ampli- 
fication. IWo pL of the extracted material corresponding to 
a plasma volume of JO pL was tlien subjected to scminested 
PCR for nv Degenerate oligonucleotide primers derived 
from the N22 region, as described by Okamoto et al.,"^ were 
designed for amplification of most divergent variants cur- 
rently described to date. This employed the outer primers 
NG59d. 5'-VVCA GAG AGA GGM GAA GGM AAY ATG-3' 
(1900-1923) and NGfiSd, 5'-CTG GCA'nTTVVC CRT TIC 
CAA ART-3' {2162-2185} in the first round, and the inner 
primers NGGld, 5'-GGMA/\YATGYTRTGGATAGACTGG- 
3 ' (1915-1938) and KG63d in the second round. The reaction 
mix also contained 1 unit of Taq pol}inerase fPerkin -Elmer 
Ampli7«^7 Gold, Roche Moleculeir Systems, Branchburg, NJ) , 
dNlP (0.2 mM of each nucleotide [Pharmacia, Uppsala, Swe- 
den]), Ti-is-HCl (20 mht pH 8.4), MgClj (3.0 mM), and KCl (60 
mM) in a volume of 20 pL. Amplification was done ui a 
thermocycler (Model 9700, Perkin-Elmer, Foster City, CA) 
under the follomng conditions: after denaturation for9 min- 
utes at 95' C and 40 cycles or94X for 30 seconds, 60°C for 45 
seconds, and IZ^'C for 45 seconds. The second round of PCR 
was performed with 2 pL of the product of the first round 



with the inner primers for 25 cycles under the same condi- 
tions. The viral DNA was also amplified by using T801/T935 
primer's under the same conditions, but with a total of 55 
c^'cles of amplificatiun. For both PCR assays, amplified prod- 
ucts were siibsequendy identified on a 2 percent agarose gel 
stained with 0.1-percent ethidium bromide and photo- 
graphed. 

Quantitative anaiysHs of serum TTV DNA 
concentration 

Generation of wild -type and internal standard constructs 
for TTV. The second round of PCR products of TTV (K22 
region) were cloned into a vector (pGRM-T, I*romega, Shang- 
hai, China) : two to four doties were purified with akit (DKA 
Kit, Qiagen, Hilden, Germany), and tlie products were se- 
quenced. The sequencing reacdons for the cloned TTVN22 
region were performed in both directions with the M 13 for- 
ward and reverse primer set using a sequencing reaction kit 
(ABI Big Dye, Perkin-Elmer) and run on a DNA automatic 
sequencer kit (ABI 377, Perldn-Elmer}. One of those strains, 
ONCO-17, has three Rsol cleavage sites and was chosen for 
constructing the internal standard (IS). ONCO-17 was di- 
gested by iisrti and subsequently used tor transforming Es- 
cherichm coliDHSa. The resultant clones were subjected to 
PCR screening using NGfild and NGG3d primers. As ex- 
pected, one of the clones with 156 bp was obtained and was 
designated as ONCO-17. 1. E. coli DH5a w^as transformed 
with a vector (pHGMONCO-17.1, Qiagen) and the plasmid 
was purified with a DNA kit (MiniPrep, Qiagen) according to 
the manufacturer's instructions. Sequencing revealed that an 
13 5-bp DNA fragment in the middle part of the clone is de- 
leted and that corresponding regions of NG61d and NGf>3d 
primers remain the same. This deletion leads to 156-bp 
(rather than 271 -bp) PCR products when NG61d and NG63d 
primers were used to arriplify the N22 region of TT\^' DNA. 
ONCO-17 and ONCO-17,1 had been used as wild-type (VVT) 
and IS, respectively, for tiie quantitative compeuiive (QC- 
PCR). Plasmid concentrations of the OKCO-17 and ONCO- 
17.1 were detennined by a DNA/RNA calculator (Genequant, 
Pliarmacia) that measured die absorpLioii at 260 rim. 

Quantitative determinadon of TTV by QC-PCR by 
using IS constructs. For each assay, six tubes, containing 
25,000, 5,000, 1,000, 200, 40, or 8 copies of the viral N22 re- 
gion competitor and 2 pL of DNA (equivalent to 10 pL se- 
rum), were subjected to QC-PCR amplification. Competitive 
PCR for TTV^ was performed with PCR mixtures consisting 
of 50 mMKCl (pH 8.3), 200 pM of each dXTP 3.0 nL\f MgCl^. 
1 unit of .^npli7a<y Gold DNA polymerase (Perkin-Elmer), 
0.2 mM each of NG61d and NG63d, 1 pL of the sample, and 
T pL of the TTV IS construct of known concentration. PCR 
amplification was performed under standard conditions 
using die following cycles: SS'^C: for 10 minutes and then 45 
cycles of denaturation at M^C for 30 seconds, annealing at 
SS^C for 50 seconds, and extension at 72''C for 50 seconds, 
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with a final erfension step at 72'C for 5 minutes. PGR prod- 
ucts were analyzed on 2-percent agarose gel contaiai'iig 0.5x 
Tris-borate-CDTA electrophoresis buffer and 0.5 pg of 
ethidiuni bromide per mL. Gel signals were then digitaiizcd 
and submitted to deiisitometric analysis. If the 
sampiexompetitor denseness ratio equals 271: 156, which is 
the ratio of the expected fragment lengtiis of die WTand the 
competitor, then we judge that the sample has the same 
number of TTVs as the competitor of known concentration. 

Gene sequencing and phyJogenetIc analysis 

The amplified products after the second round of PGR were 
purified from agarose gel using a gel- extraction method 
(QIAquick, Qiagen). Subsequently, they were cloned into 
pGEM-T vector (Promega), where two to four clones were 
sequenced as described above. Multiple sequence alignments 
were carried out with a software program (Clustal W, ver- 
sion 1.626), and phylogenetic analyses were performed uitli 
another software program (Molecular Evolutionary Genet- 
ics Analysis [ME(xAl. version 1.01, available at: www. 
megasoft^val^^net). Phylogeneiic distances were determined 
by using die MEGA program, and pliylogenetlc trees were 
consu-ucted by the neighbor- joining metliod.^^ 

Statistical analysis 

Statistical analysis was performed vvntli statistical software 
(SPSS-PC, SPSS, Chicago, IL) . To compare blood donors with 
and without infection, we used the chi-square test. We 
considered p values less than 0.05 to be significant 

RESULTS 

Prevalence and quantitative analysis of serum 
THV DNA 

Of the 471 blood donors aged 11 to 58 years, 251 (53.3%) 
proved to be positive for TTVby the heminested PCR ampli- 
fication. The infection rate in males and females was 51.2 
percent (127/248) and 55.6 percent (124/223). respectively 
The age distribution and the prevalence rates among the 
blood donors by age groups are shown in Table 1. The fre- 
quency of nv infection increased uath age, from 42.2 per- 
cent (35/83) inthegroup aged 17to ISyears, to52.9percent 



TABLE 1. Age-specffic distribution of TTV DNA In 471 
Wood donors* 



Age group 
(years) 



Number 



TTV PCR-posaivQ 
First 



17-19 
20-29 
30-39 
40-49 
50-59 
Total 



63 
272 
73 
36 
7 

471 



*p = O.030 ix^ test). 



jound (%) 

5 (e/o)" 

57 (21.0) 
19 (26,0) 
11 (30.6) 

6 (85.7) 
98 (20.8) 



Second 
. ''o^jld (%) 
35 (42.2) 
144 (52.9) 
47 (64.4) 
19 (52.8) 
6 (85.7) 
251 (53.3) 



(144/272) in that aged 20 to 29, and 64.4 percent (47/73) in 
tliat aged 30 to 39. The peak infection rate of 85.7 percent (6/ 
7) was found in blood donors more than 50 years old. The 
mean age of the 2S1 positive and 220 negative persons was 
26.9 and 24,8 years, respective^ The results of the first round 
of testing showed that the distribution of positive rates in 
different age groups was 6.0 percent (5/83) , 21 .0 percent i57/ 
272), 26.0 percent (19/73), 30.6percent (1 1/363. and 85.7 per- 
cent (6/7) in groups aged 17 to 19, 20 to 29, 30 to 39, 40 to 49, 
and 50 to 59. respectively. Similarly, in the second round of 
PCR, the frequency of infection increased steadily with age. 

TTV DNA was also tested with a second set of primers 
I T801 /T935) in 100 randomly selected samples of the initial 
471 samples. m^D.VA was detected in 90 (90%) of these 1 00 
samples (Table 2). Tliirt^r^nine samples were positive in bodi 
assays (39/39, or 100% of the NG059d/NJG061d/NGO«3d- 
positive samples; 39/90, or 43.3% oftheTOOl / r935-posidve 



Sif^f Jilne?^ ^1*^5 °* ^ determined by 

?2n™?°® '^^"^ P"™^ (NG printer) and 
T801/T935 primers in Hong Kong b lood donors 

T801/T935. T801/r935-'~ 
. -P°?itLX?. negalive Tola! 
39 (39%) 0 (0^-b) 39 (39%) 

51 (51%) 1O(lO-.{0 61 (61%) 

90 (90%) 10(10%) 100 



NG primor-posilive 
NG primer-nogatiuo 
Total 



Copies 
8 40 200 1000 



1 



3 4 



6 



Fig. K QC-PCK for TTV. Purified plasmid ONCO-17.1 (IS) con- 
taining the deleted fragment was added a» a coinpedtor with 
different copy numbers in each of the PCR. The figure shows 
an ethldlum bromide-stained gel of PGR products after 45 
cycles of aanpUfication of the TTV target sequence Irom a blood 
donor wiUi a TTV genome burden of 20.000 copies pew ml. 
Lane 1 is a lOO-bp ladder. The upper band (271-bp In size) is 
amplified from 4hc wild-type virus, and the lower band (156- 
bp hi size) is tiie added competitor. The numbers of copies of 
added competitor arc Indicated at tlie top of each lane. 
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Fig. 2. Phylogenetic analysis of TTV isolates. A phyiogenetic 
tree was constructed for 223-bp fragment!, from the 107 iso- 
lates In this study, and 18 ITV isolates (Of genotypes and Iso- 
lates also indicated) of genotypes 1 through 16 are reported 
OS references. rrv/l7 (gl7) and unclassified isolate* in Hong 
Kong, ^ 



samples). To quantitateTrVDNA, QC-VCR was used to mea- 
sure tlieTTVtiter in the 20.8 percent (H8/271) of subjects who 
tested positK^e in ttie first round of PGR. on the assumption 
that they had the highest titer of TTV^ viremia (Fig. 1). The 
rrv titer ranged from 4.8 x lO^ copies per mL to 6 x 10^ cop- 
ies per mL. with a median of 1,2 x 10^ copies per mL. 

Phylogenetic analysis of TTV sequences 

Figure 2 shows tJie phylogenetic analysis, on tlie basis of ge- 
neUc distance, of TTV' sequences derived from 63 randomly 
selected samples of the 251 TT\^-positive blood donors and 
compares them to published TTV sequences. Results (roro 
the sequencingaiialysis showed tliat at least four genotypes 
of ITV were present in Hong Kong. In one blood donor, an 
unclassified isolate (2-98-61) was found and tontatiwiy des- 
ignaled as genotype 17 {Gl 7), which did not show strong 
homology to any of the IIV isolates described (Fig, 3). In 
addition, a group (9 isolates) of TTV isolates close to geno- 
type 2, wliich could nut be classilled into any of die subtypes 
of G2a, 2b, 2c, or 2e, were dierefore tentatively designated as 
G2f. One of the G2f isolates {HK7-40A) was shown to be 
closely related to anonhuman isolate (86% homology) (Bu 
He isolate, Y18912). Several samples showed a mixed geno- 
type infection. By counting of the individual IT Visolates (107 
isolates) obtained from the 63 randomly selected blood dn- 
nors, the distribution of ITV genotypes was shown to be type 
1 (Gl). 60.7 percent; TTV^ tyi^e 2 (G2), 24.3 percent; TTV type 
3 (G3). 14.0 percent; and XTV type 17 (GIT], 0.93 percent 

DISCUSSION 

Our results show that the prevalence of '1T\'^ in Hong Kong is 
as higli as tiiat in blood donors living in Rio de Janeiro, Bra- 
zil,' • and higher than that reported in Japan, South Korea, 
U)e United States, and the UK^'^mua^ n^e prevalence of die 
viuLS increased steadUy with age, and itwastbund in all groups 
of donors more than 10 years old. The continuous increase 
in the prevalence suggests that the virus may not be elimi- 
nated and that persistent infection is cominon. Unfortu- 
nately, sequential samples from die subjects tested are not 
available to confirm this. 

In a recent study, using the second pair of primers (T801 / 
T933), m'^DNA was detectedin up to 92 percent of healthy 
Japanese adults^"; usingtiie same primerpair, we have found 
similar results. The prevalence rate appetus to be significandy 
different when different primers are applied. AU 39 positive 
cases examined by NG059d/NG061d/NG63d primers vv^re 
also positive with the second pair of primers (T801/T935), 
which suggests that die second primer pair targets a more 
conservative region of TT\' strains. Alternatively, it might 
amplify' a variety of rrv-like genomes diat share similar se- 
quences in a particular region. In line with this notion, re- 
cent studies showed diat the higlier rate of detection with 
diis primer pair is not related to sensiti\it\', but ratiier to speci- 
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ficity',^'^ and thalTTV^ exists as a "swarm" of at least five closely 
related but different viruses. 

We developed a QC-PCR systejn tJiat allowed accurate 
and highly sensitive TTV DNA quaiilitationin tlie range of 8 
to 25,000 copies. Tliis assay corrects bothfor interlube varia- 
tions in P("R efficiency and for variability in the amount of 
input DNA and should, therefore, be useful in quantitating 
TTV" in crude materials. Applying this system, we measured 
TT\' DNA titers ranging from 4.8 x 10- to 6 x 10^ copies per 
mL in a subset of blood donors, The levels of TTV DNA in 
our blood donors are similar to those reported in a recent 
lapanese study (3.45 ±0.67 log copies /mL) by real-time PCR-^ 
Ithas been suggested thatTIVcouidplay arolein the devel- 
opment of fulminant hepatitis,^''"' and one cannot rule out tlie 
possibiiitv^that virulent strains ofTR'^ may exist. However, in 
studies involving the inoculation of TTV into chimpanzees 
or rhesus monkeys, hepatitis was not induced. 

Sequencing and phylogenetic analysis of a 223-bp frag- 
ment from ()RF-1 sliowed genotypes 1, 2, and 3 and a new 
genot\pe, G17, with the latter having lovvhomologj'witli other 
genot\T3es deposited at GenBawk. We also found unclassified 
subtypes of TTV in our population, according to the tax- 
onomy suggested by Okamoto et al." It is interesting that 



X w * * * 45 

T&27 8 CTAAGCAAAAAAA/ACATCAACOar/ /C/ACAAAGTACAAA/GTAAATGC 

IN nil! 11 III If ill I MM IMiM IMIII 

2-98-61 CTM/CAJUlAGAAGiiCAC/AA/T&TTa?GTAAAAA/ /ACAAAAOCftAAIGC 

99 

46 * * ★ * 

8 TTAATA/T/ / /C&/GACCTACCTCTATGG6aiGCA/GCATAaXUUlTAT0T 

llii i II Ml Ml I mil M Ml I IIMI 

2-98-61 G3MlATAATGGACATG /CC / /CCT/T /TGCGCCGCCTOCACA/CGAOIJICAC 

*133 

TA278 J^AhTTSlXmCAAM^^ /ACATGA 

Ml ir'MMIMI Mill IMIM I Ml 1 III I 

2-98-^61 A6AGTTCTGT6CAAA/ /CTA^CTGGAOACTCTGC/CATTATTTACA/ /A 

* * * 18X 

XA2 7 8 ATGCCAGQCTACTAATAAGAA6TCCCTTTACA/ /6ACCCACAACTACTA6 

, liHII MM MUM ! Ill I 111 li 1! II I MM 

2-98-61 /TCCCAGAATACTCATAAOATO/CCCAT/ACACTGAGCC/CA/ /TGCTAG 

* * * 222 

TA278 Ty/AC/ACACAGACCCCA/CAAAAOGCTTTOTOCCTTACTCyTTTA (222) 

I M II nillll I MM IMII n 11 Mill III 

2-98-61 TGGACCACTCAC5ACCCAAACAAA/GGCTTCCTACCCTACTCATTO (222) 



one of the isolates (7-40a) showed 8«-perceJit homology with 
tlie closest published nonhuman TTV strains."*' It is thus clear* 
that TT\^ represents an exU emcly heterogeneous population 
and that more genot>'pes or subtypes may be revealed by 
ftirther studies. It is also of interest that only four genotypes 
of TTV' — GI, G2, 03, and G17 - were found in Hong Kong, as 
compared to 16 genotypes fbundinjaptm, and this may partly 
be due to limitation of the present study, vvliich analyzed only 
about 25 percent {63/271) of tlie donors who were positive 
for TTV^ on the basis of a short fragment of N22. 

The prevalence of TTV as measured by tiie heminested 
PGR, however, proved to be much higher in Hong Kong. It is 
also noteworthy that some of the same genotx'pes are found 
in Japan, theUnited States, Thailand, France, Scotland, and 
Iceland, and Musliawar et al/ found no correlation between 
genotype and geographic origin. Nevertheless, ourgenotypic 
analysis of TTVMn healtiiy blood donors gives a generaS pic- 
ture of each genot>7)ic distribution of TTV" in our popula- 
tioup which may contribute to identifying specific genotypes 
in association with specific diseases. 

Current evidence indicates that the \irus can be trans- 
mitted by the parenteral route and that it is more common 
in persons who have received blood transfusions or blood 
components or who are FV^ drug abus- 
jjj-s 4.6.« jjjgj^ ^^^^ of viremia in our 



B 



TA278 



healtliy population suggests that trans^ 
mission is more likely to occur by 
nonparenteraJ routes. Mixed infection is 
common in our blood donors, who have 
no transfusion history. The high preva- 
lence of TTV viremia in teenagers who 
have had no blood transfusion histor\^ 
certainly suggests multiple routes of 
transmission, other than the blood borne 
roiite, such as maternal/fetal, perinatal, 
sexual, and fecal/oraJ. Such anotionhas 
been supported by evidence that the vi- 
rus can be detected in feces, bile, breast 
milk, saliva, and cord blood.'^-^^ In our 
previous study, the TTV titer measured in 
saliva samples was 100 to lOOO times 
liigher than that in the corresponding se- 
rum, which suggests that TTVmay be ef- 
fectively transmitted through saliva drop- 



74 



1 

2-98-61 I'^I?KKDTirVKN////K//SKCBtMD»LWAACT<IYrai^^ (74) 



Fig. 3. Nucleutide (A) and aminu add (B) sequences of the new genotype G17 (isolate, 2-98-61), The sequence of TA278 of genotype 
la^ IS indicated at the top. Dashes represent the same nucleotides or amino acids as in the TA278 isolate, and slashes represent 
deletion** of auctentidcs or omiim acids. The (ulal number of nucleotides or amino acids la Indicated In parentheses after the tvwo 
isolates. 
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lets.^ This route of transmission could eiq^lain the high de- 
gree of exposure to viral infectioti observed in the geiieraJ 
population. 

On the basis of our data, we conchide that a verv^high 
prevalence ofTIVvvas found in healthy blood donors in Hong 
Knng. Three main genotypes (Gl, (;2, and G3) were identi- 
fied in our population with a frequency of 60.7 percent, 24.3 
percent, and 14 percent, respectively. Moreover, a newTTV 
genot>'pe, tentatively designated as G17, and a new TiV sub- 
type of G2f were found in this population. On the basis of the 
current findings axxd reports from other studies, it does not 
appear that l"i \^ is associated with ajiy specific disease, and 
it is our opinion that no systennc screening is required tor 
donor blood samples. 
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ABSTRACT 

Glass cDNA tmcroarrays can he used to 
profile the expression of tfiousands of gene 
targets in a single experiment. However, t^te 
potential for hybridizxition cross reactivity 
needs to be considered when interpreting tlie 
results. Here, ^\ e describe hybridization ex- 
periments with a model array representing 
four distinct functional classes (families): 
chemoHnes, cytochrome P'450 isozymes, G 
proteins, and proteases. The cDNA clones 
selected for this array exhibited pairwise se- 
quence identities ranging from 55% to 
J 00%, as determined lyy a homology scoring 
algorithm (LA LION). Targets for microar- 
raying were amplified by PGR and spotted 
in 4'fold replication for signal averaging. 
One designated target from each family was 
further amplified by PGR to incorporate a 
17 promoter sequence for the production of 
syntlxeticRNA transcripts. These transcripts 
were used to generate Jhton'scent hybridiza- 
tinn probes by re\ferse tninscnpilan al vary- 
ing input concentrations. As expected, hy- 
bridization signals were highest at the 
matching target elements. Targets contain- 
ing less than 80% sequence identity relative 
to the hybridization probe sequences 
showed cross-reactivities ranging from 0.6% 
to 12%. Targets containing greater than 
80% identity showed higher cmss-reactivi- 
ties (26%~57%). These cross -reactive sig- 
rwLls were analyzed for statistical correlation 
with the length of sequence overlap, percent 
sequence identity, and homology score de- 
termined by LAUGN. Overall, percent se- 



quence identity was the best predictor ofhy- 
bridi^Utiion cwss- reactivity. These }vsults 
provide useful guidelines for interpreting 
glass cDNA microarray data. 

INTRODUCTION 

The natural progressioD of sequenc- 
ing entire genomes has been to develop 
parallel hybridization technologies to 
profile gene expression in biological 
tissues. These include glass cDNA mi- 
croarrays that are capable of analyzing 
the expression of thousands of genes in 
a single hybridization experiment (3,14, 
15,17). In this appj-oach, cDNA clones 
selected from mRNA expression li- 
braries are amplified by PCR and spot- 
ted robotically onto a chemically modi- 
fied glass surface. Experimental RNA 
samples are labeled by reverse tran- 
scription ^ith the incoq^oraUon of fluo- 
rescent dyes for hybridization onto the 
array. }|ybridi7.ation experiments typi- 
cally employ a two-color format for the 
analysis of differential gene expression, 
for example, between diseased versus 
normal tissues (5). This technique has 
been used successfully in human, plant, 
and micivbial gene expression studies 
(10,1 1,13). Studies have been reported 
using large compcndiiims of microarray 
expression data for gene target valida- 
tion and the elucidation of disease-rele- 
vant gene pathways (2,9,16). 

The purpose of the present study 
was to establish guidelines for inter- 
preting microarray results where spot- 
ted cDNA targets arc known or suspect- 
ed to share moderate to high sequence 
homology. This problem beconies in- 
creasingly important as genexontent is 
expanded toward genome-wide expres- 
sion analysis. There are numerous ex- 



amples of functionally related genes 
sharing high sequence homology with- 
in and between genomes (4,^), In addi- 
tion, an increasing number of alterna- 
tively spliced gene transcripts have 
been identified in the course of se- 
quencing and aiigaing expressed se- 
quence tags (12), demonstrating that 
cDNAs derived from mRNA transcripts 
can also share exact identity over a por- 
tion of their sequence. 

To our knowledge, no specific cross- 
hybridization data on miciDarrays has 
been published to date. However, hy- 
bridization experiments on nylon mem- 
branes have shown that cross-ieactivity 
Is possible when two different gene tar- 
gets share 77%-100% sequence identi- 
ty (19). It has also been stated that 
cross-reactivity can become significant 
(5n glass cDNA microarrays when gene 
targets share greater than 75% sequence 
identity (18). Here, wc describe a series 
of cross -hybridization experiments with 
cDNA sequences selected from four 
different fimctional classes and sharing 
55%-10Q% sequence identities. 



MATERIALS AND METHODS 

Clone Nominatjon and 
Homology Scoring 

Six gene families v^ere selected for 
cross-hybridization experiments: che- 
mokines, cytochrome P450 (CYP), G 
protein gamma subunits, and serine, 
threonine, and metalloproteases. These 
genes fiincticn primarily in the areas of 
signal transduction and drug metabo- 
lism and have been widely studied as 
potential drug targets and/or toxicity 
markers. Representative sequence- veri- 
fied cDNA clones (Incyte Genomics, 
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Paio Alto, CA, USA) were queried by 
BlastN sequence comparison against 
other cDNA sequences sharing the 
saipe class of protein functiohai ennO' 
tatiion . Clones shanng gipeatef than 50% 
sequence identity respectively by 
BlasifM were tfeen selected for hy- 
bndizaiipn expeirfitn^^ These clones 
were ftjither scored ^^fe sequence ho- 
rtiolpgy U3iidg ii ^sdiyfisc sequence 
aiignmem Glgorithm, LALI5n (8). 
Corresponding GenBank® accession 
nos. were determined by roatching the 
5' seqi^eitce jhaad of eachdone against 
the top hit ill GenBank 117 (BlastN). 
Each clone contained the fuJl-lcagth 
coding insert, with the exception of the 
CYP fatnily. The CYP family included 
examples of alternatively spliced genes. 
TWelye partial insert clones represented 
eight CYP homologs, three of which 
comprised splice variants. 

To investigate hybridization cross- 
reactivity, aii individual cDNA clone 
was selected frorn each gene facnily and 
designated as parent. This clone was 
used to generate a probe sequence for 
comparison against each cDNA clone 
sequence in the family. Pairvrise ho- 
mology scopes were then calculated us- 
ing a Smith- Waterman alignment tool, 
I J\UGN (8), We decided to use this al- 
gorithm because it provides scores that 
represent both percent sequence identi- 
ty and length of sequence alignment, 
and we hypothesized that such scores 
might provide a better prediction of 
cross-hybridization than sequence 
identity scOTing alone. The reported 
alignnsent scores all exhibited greater 
than 50% sequence identity. 

PreparaUon of PCR Targets, RNA 
i^anscripts, and Fluorescent cDNA 
Hybndi^tion Probes 

The procedure used to generate PCR 
targets, parent RNA transcripts, and 
fluorescent hybridization probes is 
summarized in Figure L Each cDNA 
clone was uplifted by PCR using vec- 
tor-^cific primers to g^erate a dsD- 
NA target to be arrayed. Tb obtaih RNA 
transcripts for the preparation of hy- 
bridization probes, desigjqated tai^cts 
were fuitber amplified by PCR using 
gene-specific primers containing aT7- 
promoter sequence (5--NNNNNN- 
TAATACGACrCACTATAGGGAG-30 



attached to the forward primer and a 
pply-dT^o sequence attached to the re- 
ver^se primes itispective Hie t? PCR 
teiAplate^s wei^^ used to generate cRNA 
tianseripts by incubatiian with 17 RNA 
polymerise (MEGAscribe**** kit; Am- 
bM>^ Au^ XJSA). Bach RNA 
ttEaisbriJ^t W by Btiores- 

ccnce speco^^ RNA-spe- 
Ciflc ri)^ ,(T^ Molecular 
Probes; feujgeiiei 6r, t^A). tie fiuo- 
njscencc measimsments were run in 
triplicate at two diffam cUliiticrt^ and 
the values were applied to a seven-step 
standard curve for quaiititation. The in- 
tegrity of each tnsnscript was conlHrmed 
by agarose gel electrophoresis. 

For hybridization experiments, 
pooled cRNA transcripts (typically 100 
pg each unless indicated oth^wise) 
were fluorescently labeled by reverse 
traz&scription w^tb c^anine-3 or cya^oine- 
5 dyes (GEMbri^t^ ttucroairay lialbel- 
ing kits; Incyte Spooqiics). The resiilt- 
ing flucMrescently labeled cDNA jE«t)bes 
were ptirifled by si^ tycdusion chro- 
matography CiB-30 coJuinn; BD Bio- 
scietices Clontech^ Palo Alto, CA, 



US A), etha^Ql precipitated, and then re- 
suspended ih 24 pL hybridization buifcr 
(5x SSC, 0i% SDS. 1 mlvl DTT). 

The PCR ta^ets wcre iUHified u^^ 
gel titration over SetpiteryMOO^' 
(Amersham Phannacia Biotech, Pis^a^ 
S>y?y^ ^^t^^r ViSA). The taigit^ were then 
coilcenttated and resuspended in 2x 
SSC for arraying. To minimize spot-to- 
spot vaiiatioiis. ail IfeR taigets were 
normalized to a Gorw^^ of 100 

ng/|xL. In addition, the target elements 
were printed in quadruplicate onto each 
array for s^iginal averaging, Microairay- 
ing was perSormed in the Incyte Ge- 
nomics microarray facility (80-100 
spots at 180-|im spacing, center to cen- 
ter). After arraying, the slides were irra- 
diated at 120 mJ in a UV Su-aialinker® 
model 2200 instTiiment (Stratagene, La 
iolla, CA, USA) and tlien rinsed in 
0.2% Sl>S for 2 min, followed by Uuec 
l-'mih rinises in. deionized water. Slides 
were thep treated with 0.2% I-B!oek<^ 
reagent (Trppix, Bedford* MA, USA) 



Gen© Family 
(Original Clones) 






PCR PRK^ICtS 






VactDf 
Prtmws 


^^^m lOOng^mt 
^^^^^ « Pdntmh 




^^^^^^^^ product 4x orto 



T7 promoter 



TTRNAPd 
RNA Transcripts 



Riiorescertf cDNA Probe(s} 
from Desigimtad Pafwt(s) 
(ForHybridizatfdn) 

-•x^^X^* parent BNA 
^%^,^Of* tiarwcfiptto l ng 



• HybrU&ee onto 
army 



Flgone 1. Schfifne for the pn^paratkm PCR targets stud fluorescent Jiybiidbatloii pirihoL. Clones se- 
lected Co icfnesent each funcUonal fanaly were amplified by PCR uatng vector priraen. One designated par- 
ent clooe from cadi feiniiy was fiutho- amplilkd b^; KR using tttocric gene-specific primers to produce 
RNA transcripts for use in tho generation of:£ltior¥?icent bybridiwitiiMi probes (see Materials and Metfiods). 
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in Ix Du]becco*s PBS (Invitrogen, 
CarLsbad, CA, USA) at 60''C for 30 
niiri. The arrays were then rinsed again 
ia 0.2% SDS and water as described 
above. 

Hybridization and Data Analysis 

KuorescenUy labeled hybridization 
probes were applied to the microairays 
under a 22 x 22 mm glass cover slip, 
placed in a sealed chamber to prevent 
evaporation, aiid tlien incubated at 
eO'^C for 6 h. After hybridization, ihe 
microarrays were washed in Ix 
SSaO. 1% SDS/1 mM DTT at 45**C for 
10 min and then in O.lx SSC/0.2% 
SDS/1 mM DTT at 25'*C for 3 min. 
The microairays were then imaged us- 
ing a GeneHx^ dual-laser coafocal 
scanner (Axon instruments, Foster 
City, CA, USA) at 10 ^m rcsojution. 
The scanned images were converted 
into 16-bits-per-pixel resolution, yield- 
ing a 65 536 count dynamic range. 
GEMtooIs™ software (Incyte Ge- 
nomics) was used for image analysis. 
Four independent microarray hy- 
bridizations were conducted for each 
experiment. Target signals were cor- 
reeted for local background and then 
averaged (four spots per anay x num- 
ber of arrays per experiment). Unless 
stated otherwise, four hybridization re- 
actions were run per condition. Error 
bars shown in the figures are one stan- 
dard deviation from ttie avei aged signal 
values. Correlation coefficients be- 
tween averaged hybridization signals 
and alignment parameters (clone 
length, overlap between the probe se- 
quence and cDNA clone sequence, per- 
cent sequence identity^ LALIGN scoie, 
etc.) were determined using Statistica® 
software (StatSoft, TXilsa, OK, USA), 



RESULTS AND DISCUSSION 

As stated in the Introduction, the 
purpose of this study was to measure 
hybridization cross-reaclivity between 
cDNA targets sharing moderate to high 
sequence homology and to determine 
whetlier these cross-rft.active signals 
could be conrelated with their primary 
sequences (i.e., percent sequence iden- 
tity, physical length, percent GC con- 
tent, etc.). In particular, we considered 



that percent sequence identity might be 
a good predictor of cross-reactivity, 
based on reported cross-hybridizstion 
results on nylon membranes (15). 
Therefore, cDNA clones were selected 
from different functional gene families 
based on sequence identity scoring 
(i.e., the highest scoring clones avail- 
able). In addition, one clone from each 
family was designated as a "parent" for 
hybridization comparisons based on the 
highest combined identity score. 

We next considered whether tlie ho- 
mclogy-scoring algorithm LALIGN 
could be used as a predictor of cross-re- 
activity between known sequences. In 
this case, we took into account the actu- 
al .sequences present in the hybridiza- 
tion reaction. As described in the Mate- 
rials and Methods section, a synthedc 
RNA transcript was generated from 
each designated parent using chimeric 
gene-specific primers. Whenever possi- 
ble, these primers were designed near 
the ends of the jQrst-round PGR prod- 
ucts. However, tills was not always 
practicable, so a number of the result- 
ing transcripts span only a portion of 
the designated cDNA clone. These syn- 
thetic RNA transcript sequences were 
used for homology scoring by 
LALIGN against each cDNA clone of 



the family because they represent the 
actual templates used in^the preparation 
of fluorescent hybridization probes. 
The respective homology scores and 
other sequence parameters are summa- 
rized in Table 1. 

Hybridization Cross-^Reactivity in 
the Serine Pn>tease, Metalloprotease, 
Chemokine, and G-Protein Families 

Hybridization probes generated 
from selected parent cDNA sequences 
were hybridized to a spotted cDNA mi- 
croarray comprising all of the cDNA 
clones chosen for this stiKly (see Mate- 
rials and Methods). In the jSrst hybridi- 
zation experiment, replicate hybridiza- 
tions were conducted using probe 
sequences from the serine protease, 
metalloprotease, chemokine, and G- 
protein families. The results from this 
experiment are summarized in Figure 
2. Within each family, the targets corre- 
sponding to the designated parents 
were well discriminated from the other 
targets (cross-reactivities between 0,6% 
and 6%), As shown in Table 1, the 
highest cross-reactivities corresponded 
generally to the clones exhibiting the 
highest homology scores. However, de- 
spite similar homologies, the magni- 



120 




i Serine Proteases I 
Metaljaproteases M 
Chemokines 
G-ProtQins 



□1 




Clone 



Pignre 2. Hybridjzadon cross-reactivity for the serine protease, ntetaUoprotease, cbeinttldne, and 
G-protein famlUes. For these hybridiiaiion cxperimKnts, Ihe probe reactions contained a pooj of parent 
RNA inuiucripts (1 ng). This RNA cciucentmion was sclcctixl to provide hybridizalioii sigiials withiu the 
top third of the linear response curve for Ihe scanner. The clones used to generate microarray largets for 
this experiment are summarized in Table ] Inset: Hybridization signals shown as false color images 
(blue = bottom of the response curve < green < yellow < rc4 < white = top of the response curve; note that 
not all coJors may be repicscntcd in die figure insert). 
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Thble 1, GeaBank Actesrion Nos. and Alignment Scores iter Spotted cDNA Qcmes Representing HcinMriogons Gcnf gamily Membeig* 



family 



Serine Proteased 



Metallo-proteases 



Chcmo-^klncs 



G-Proteins 



Threonine Proteases 



p450(CYP) 



^Bold, selected parent clone. 
'^'Signal intensities as a percentage 
sumrnarized in Figure 3d that was 



Clone 


GcnBank 
AccesslonNo. 


Transcript 
Overlap (bp) 


Percent 
Identity 


LALIGN 
Score 


Percent 
Signal^ 


1 


g181189 


816 


100 


3867 


100 


2 


g4503136 


464 


65 


721 


6.5 


O 


g35282 


748 


54 


296 


1.5 


4 






60 


112 


2.6 


1 






100 


7063 


100 


2 




141y 


85 


5079 


5:2 


3 






68 


82 


LO 


4 


g348020 


139 




f I 


0.9 


1 


Ql 924937 






2485 


100 


2 






68 


713 


2.9 


3 


uo WW ou 


•fUO 


64 


603 


0.9 


4 


o33Pft5>7ft 


1 O 1 


60 


572 


0.6 


1 


1 CrODO 


io4 


100 


820 


100 


2 




io4 


68 


352 


1.5 


3 




1 DO 


67 


329 


1.9 


4 




1 O I 


59 


197 


1.3 


1 
1 




243 


100 


1194 


100 


o 


g5€5546 


112 


56 


83 


0.7 




g4506196 


51 


71 


96 


0.7 


o 


94506196 


533 


ICO 


2665 


100 


n 

£. 


g565646 


53 


62 


73 


6.3 


4 

] 


g4506204 


131 


54 


91 


12.3 


1 


g1B1299 


484 


100 


2420 


100 


2 


92618613 


489 


85 


1638 


56.9 


3 


g2618613 


500 


82 


1492 


28.1 


4 


g181343 


477 


66 


1779 


37.1 


5 


g181327 


476 


80 


1552 


26.2 


6 


Q6470140 


433 


71 


1019 


8.1 


7 


g181357 


416 


60 


595 


5.7 


8 


g1812g9 


106 


100 


530 


33,6 


9 


g6470140 


110 


76 


316 


4.4 


10 


g181293 


243 


58 


285 


10.6 


11 


g181269 


55 


60 


80 


6.2 


12 


g647014Q 


39 


67 


36 


6.0 



of the selected parent clone, 
hybridized at 60°C. 



For the CYP family, values are shown for the experiment 



tudes of cross-hybridization differed 
between gene families. For example, in 
the chemokine family, an averaged 
cross-hybridization signal of 2.9% was 
observed between the paienl (monocyte 
chcinotactic protein-2, g J 924937) and 
a second family member (monocyte 
chemoattractant protein- 1 , g4506840). 
The Jatter target exhibited 68% se- 
quence identity with an LALIGN score 
of 713. Tn the serine protease family, 



clone g4503K36 scored similarly (65% 
sequence identity with an LALIGN 
score of 721), yet gave a slightly higher 
cross-reactivity (5.5%). In the case of 
the metalloprotease family, comparably 
low cross-reactivity (5,2%) was ob- 
served for a clone exhibiting consider- 
ably higher homology (85% sequence 
identity over 99% of the designated 
parent probe .sequence, with an 
LALIGN score of 5079). 



Crossover Hybridizaaon 
Experiment in the Threonine 
Profease Family 

Kybridization probes from two 
clones of the threonine protease family 
(g45062O4 and g4506196) were hy- 
bridized separately to the same cDNA 
microarray described above to deter- 
mine whether alternative parent clone 
nominations could yield similar results. 
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In both assays, the non-parent targets 
were weil discriminated from the se- 
lected parents ( Table 1). However, the 
magnitudes of cross-hybridization were 
different in each case. Cross-reactivities 
measured for clone g4506204 were low 



(about 0,7%), whereas those measured 
for clone §4506196 were slightly high - 
er (6.3% and 12.3%). This dififcrcnce 
cannot be explained by the homology 
scores, which were similar, although 
the RNA transcripts generated from 



^ fci fc^ ^ ^ 




|«100f«lnptj|RtM 



2 3 4 5 6 7 a 9 10 11 12 



■ 100 pg Input RNA 
8 20 pg Input RNA 



2 3 4 0 6 7 8 9 10 11 12 



•acre 



7 8 9 10 11 12 




Clone 



Figure 3. Hybridization cross-resctivity for the cytuchrtime P450 Eamily. (a and b) Three separate 
sets of hybridizaaon experiments are summarized using tow (5 pg), mcdlura'(20 pg), and high (100 pg) 
input RNA transcript for probe generation (« « 2 per conditioa). (c and d) Hybridization results from 100 
pg input RNA tranAcripts following hybridizations at stajidai^d (ttlX) and elevated (65 "O tempcratutts 

(n = 3 per condition). 



these two clones had di-Terent lengths 
(243 and 533 bp. respectively), Hiere- 
Ibre, according to these results, homol- 
ogy scoring docs not appear to be an ex- 
act predictor of cross-hybridization, 

Crass-Hybridization in the CYP 
Family 

Additional expcrinients were con- 
ducited widi the CYP family to'e^ 
hybridization cross-reactivity over a 
range of input RNA concentrations, as 
would be expected from a coin|)l€x bio- 
logical sample, and also at different hy- 
bridization temperatures* Hybridization 
probes generated from the CVP parent 
clone (gl81299) were hybridized to the 
same cDNA microarray described in the 
previous experiments. This family com- 
prised a wider range of sequence ho- 
mologies, including multiple examples 
of sequence identities greater than 80%. 
In several cases, the clones represented 
splice variants i^T difl'ercnt subclones of 
tlie sarne gene. One of these clones 
(clone 8) comprised a splice variant of 
the designated parent clone. The results 
Irom these experiments are summarized 
in Figure 3. Itie magnitudes of cross-re- 
active signals increased with input RNA 
concentrations (Figure 3a); however, 
the percent signal was relatively con- 
stant between these inputs (Figure 3b). 

Raising the hybridization tempera- 
ture from 60^C to 65"C resulted in 
slightly lower averaged signals (Figure 
3c), but again the percent signals rela- 
tive to the parent were similar (Figure 
3d). These data suggest that cross-hy- 
bridization on microarrays is relatively 
constant and reproducible over the 
range of RNA inputs and temperatures 
investigated. 

These cross-reactive signals showed 
a reasonable correspondence to the ho- 
mology scores. Clones with less than 
80% sequence identity (clones 6, 7, and 
9-1 2) were well discriminated from the 
parent clone (cross-reactivity ranged 
between 4.4% and 10.6%). On the oth- 
er hand» clones with 80%-86% se- 
quence identity (clones 2-5) showed 
less discrimination (cross-reactivity > 
25%). Additionally, one clone (clone 8) 
scored 100% sequence identity over 
about one-quarter of the parent tran- 
script and showed about 33.6% cross- 
reactivity. This clone represents a splice 
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Correlations of Crosa-ReactivHty across Families (n = 11) 

Overlap Identity LALIGN 

Percent Signal 0.19 0.66 0.34 

Correlations of Cross-Reactivity for CYP Family Only f?= 11) 

Overlap Identity LAIJQN 

Percent Signal 0.52 0.75 0.76 

Bolded values are significant at P<0.05. 



variaut of the gene coiTesponding to tlie 
parent clone. 

Correlation of Hybridization 
Crwss-Reactiyities \nth Seqwncc 
Overlaps and Homology Scores 

Statisdcal analysis of cross-reactive 
hybridization signals is sununarized ia 
Tabltt 2, Across all families* only se- 
quence identity showed signiiScant cor- 
relation with signal intensity. Assuming 
that LAIJGN might show a stronger 
conelation within a family (since se- 
quence overlaps would be expected to 
vaiy widely lietweea families), the 
analysis was repeated including only 
data for the p450 (CYP) family. Again, 
sequence identity showed the strongest 
coirelation, although LALIGN also 
showed a significant correlation in this 
case. Tajicen together, these results indi- 
cate that hybndizatioQ cross-reactivity 
can best be predicted by sequence iden 
tity and that it is relatively independent 
of sequence overlap (at least above 1 00 
bp, based on our data). It is interesting 
to note that the correlation score for se- 
quence overlap increased in signifi- 
cance when the data for the CYP family 
was treated separately (Table 2), Five 
of the 11 clones in this family share 
greater than 80% sequence identity rel- 
ative to the designated pai'ent, including 
one splice variant (clone 8) that is 
100% identical over a region about 
cne-fifth of The parent transcript se- 
quence. Therefore, the length of se- 
quence overlap can have a greater ef- 
fect on cross-hybridization in cases of 
high sequence homology, particularly 
in cases of sequences that represent al- 
ternatively spliced genes. 

Hie results obtained from this study 
demonstrate that glass cDNA microar- 



rays can geueraiiy distinguish hybridi- 
zation between cDNA targets sharing 
less than 80% sequence identity. These 
results are in good agreement with pre- 
vious data on nylon membranes where 
hybridization cross-reactivity was not 
observed until the alignments exceeded 
77% sequence identity (15). 

In the case of the CYP family data, 
substantial cross-reactivity was ob- 
served in two instances: the first case re- 
sulted from sequences exhibiting 
greater than 80% identity over of the 
majority of the probe sequence; the sec- 
ond case was for one sequence having 
100% identity over about one-fifth of 
the probe sequence. These data indicate 
that higher levels of hybridization cross- 
reactivity can be expected in cases of 
high sequence identity over a majority 
of the sequence or exact idendty over a 
portion of the sequence. Thus. spUce 
variants ate also predicted to show hy- 
bridization cross-reactivity, depending 
on the extent of sequence overlap with 
the clone r^sresented on the array. 

Application of Croiss^Hybridlzation 
Results to Microarray Design and 
Gene Expression Analysis 

Pairwise sequence alignment algo- 
rithms are widely used to elucidate 
conserved structural, functional, and 
evolutionary relationships among gene 
families (6»7). The data presented here 
demonstrate that sequence alignments 
and identity scoring can also be used to 
estimate hybridization cross-reactivity 
within gene families. When performing 
these calculations, it is important to 
consider the sequences that are actually 
arrayed. For example, clones represent- 
ing a particular target gene may only 
contain a portion of the consensus gene 
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sequence tliat is available. Regions of 
the gene that are outside of the cloce 
sequence should be excluded from 
these calculations. In the present study, 
the sequences of the cRNA transcripts 
generated from the selected parent 
ciones weiti used for homology scoring 
by LALIGN because these were the 
templates that were used for probe gen - 
eration. In the case of a biological sam- 
ple, the fall-lengtii target sequence (if 
available) would be preferred. 

With one exception (i.e., the 65°C 
hybridization temperature investigated 
with the CYP family), the conditions of 
the microanray experimenLs reported 
here were conducted according to the 
standard condidcwis of probe labeling, 
hybridization, and data analysis that are 
employed in our production process. In 
practice, hybridization experiments un- 
der different conditions (buffer, temper • 
atuns, denaturants, etc.) have failed to 
yield imp^o^^ed disxrimination (data not 
shown). However, it is possible that oth- 
er stringency conditions not yet at- 
tempted could yield reduced cross-reac- 
dve signals, lliese studies are ongoing. 

While the results presented here 
suggest that homologous regions of 
genes should be avoided when select- 
ing clones for cDNA raicroarrays, they 
also indicate that cross-species hy- 
bridizations could be conducted on ini- 
croarrays (i.e., where expressed gene 
sequences between the two species 
share 80% sequence identity or higher). 
This suggests that human cDNA mi- 
croarrays could be used to analyze 
tissues from animal models of human 
disease. For example, a recent compar- 
ative analysis of orthologous genomic 
ioci from human and mouse showed 
dial genes could be identified in the lat- 
ter based on conserved exon features 
(1). This predicts that expressed se- 
quences in the human and the mouse 
will have sufficient homology for path- 
way anaJyses using cross-species 
microarray hybridizations. Indeed, pre- 
liminary investigations in our laborato- 
ry suggest diat this is tlic case (P, Scott 
Eastman, unpublished results). 

It is interesting to note that of the 
two gene families dtspla^ing greater 
than 80% sequence identity (metallo- 
proteases and CYP) only the CYP fam- 
ily showed .significant cross-hybridiza- 
lion from clones mapping to different 



genes. Therefore, as discussed earlier, 
pairwise sequence identity scoring is 
not an exact predictor of cross-hy- 
bridization but certainly needs to be 
considered when designing microar- 
ray s and interpreting the results. 
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OBJECTIVE: To de.tect chlamydial DNA on archived 
PapankolaoH'Stained (Pap) smears using the poltpnerase 
chain reaction (PCR) tech- ^^^^^^^^^^^^^ 

niqm. 

STUDY DESIGN: A PGR 
assay was designed to identi- 
fy chlamydial DNA using 
consensus secfumces wiique 
to the genus Chlamydia in 
the 165 rKNA gene. This 
assay produced a 109 base pair product containing a sin- 
gle Pvu II restriction site. One hundred cervicovaginal 
Pap smears from a teen clinic population were processed 
for DNA isolation and PCR, Amplifiable DNA was vio- 
lated from 93 of the 100 causes as determined by a human 
growth hjormona gene. These specimens were subjected to 
chlamydial PCR. 

RESULTS: PCR analysis of the 93 samples yielded 6 that 
were positive for the chlamydial 16S rRNA sequence. 
The six positive chlamydial ampticons were purified and 
-subjected to Pvu II restriction enzyme analysis to vali- 



This method of detecting Chlamydia 
can be used on archival 
PapanicolaoU'Stained smears. 



date their identity. The analysis confirmed the identity of 
the products, as a single Pvu II restriction site resulted in 

b(^se pair and 68 base pair 

products, as predicted, 
CONCLUSION: PCR test- 
ing for Chlamydia tra- 
chomatis can be performed 
on DNA isolated from 
archival Pap smears. Using 
this methodology, 6,5% of 
young ujomen in our teen clinic population were positive 
for chlamydial DNA, {Acta Cytol 2001;45:985-989) 

Keywords: Chlamydia trachomatis, Papanicolaou 
smear, polymerase chtiin reaction, retrospective 
analysis. 

The state-of-the-art tests used for ttie detection of 
Chlamydia trachomatis are culture, DN A probe, en- 
25mie immunoassay (EIA) and nucleic acid amplifi- 
cation.^ Among these tests, cell culture has been 
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considered the laboratory standard for the diagno- 
sis of C trachomatis infection because of its 100% 
specificity and 80% sensiHvity.'-^ The disadvan- 
tages of the ceU culture method arc that it is techni- 
cally difficult, costly and time consuming.'^-* When 
compared to cell culture, the DN A probe method is 
less expensive and has a sensitivity of about 65%. 
ElA is also less expensive and has a sensitivity of 
approximately 6fl%.i Nucleic acid aniplification has 
a >90'>:. sensitivity and specificity, although -=t is 
more expensive than DNA probe or ElA but less ex- 
pensive than cell culture.^ 

Tne new commercial DNA ampliEcation assays 
have exceeded the sensitivity of culture. Culhire ls 
now thought to have a sensitivity of 70-85%.2 DNA 
amplification assays, such as polymerase chain re- 
action (PCR) and ligase chain reaction (LCR) are 
highly sensitive and specific when used on cervical 
specimens and urine samples.^ The commercially 
avaUable PCR test for CMmnydia ( Amplicor®. Roche 
Biomedical, Palo Alto, California, U.S.A.) detects a 
highly conserved plasmid found in most Chlamydia 
species This differs from the ribosomal gene target 
used in the present assay. The L6S rRNA gene was 
selected because several hundred copies of ihe gene 
are present in each organism. Theoretically, the 
higher copv number per organism of the 16S rRNA 
target sequences will increase the sensitivity of the 
PCR test when compared to plasmid targeted test- 
ing. Below we report the succcssfiil isolation of am- 
plifiablc DNA from archival Pap smears and detec- 
tion of DNA sequences consistent with C 
trachomatis infection. 

Materials and Methods 

FCR Test Design for C trachomatis 
The target 16S rRNA gere sequences that arc 
unique to the genus Chlamydia were identified by 
the alignment of the C trachomatis 16S rRNA gene 
sequence with that of Streptococcus agalactuie, Es- 
cherichia coli. Gardnerelh vaginalis, Mycoplasma ho- 
ming Neisseria gomrrhoeae, Trepotwna pallidum and 
Ureavlasma urealyticum. The 16S iRNA gene se- 
quences were obtained from the National Institute 
of Health (NIH) GenBank. Using a Clustal W pro- 
gram (Omiga 1.1, Oxford Group, Oxford, U.K.), an 
initial round of sequence c^Hgnment identified sev- 
eral candidate regions of the C trachomatis 16S 
rRNA gene for primer sequences. To be certam that 
all potential variations of the 16S rRNA sequence 
that may occur in C trachotmtis would be detected, 
a second alignment was performed. In that ahgn- 



ment, 16S rRNA sequences of the following 
chlamydial species were incorporated: -fnic/jomflfis, 
pneumoniae, psittaci.fclis and flf«ns, as well as Lacto- 
bacillus vasimiis. Three candidate regions of con- 
sensus sequence unique to the genus Chlamydia 
were identified as the targets of complementary 
oligonucleotide primers fot PCR assay develop- 
ment. As a final test to validate that the consensus 
sequences were unique, they were input as separate 
Basic Local AUgnment Search Tool (National Cen- 
ter for Biotechnology Informatics, NIH, Bethesda, 
Mar>'land, U.S. A.) searches into the NIH GenBank. 
Each consensus sequence identified only Chlamydia 
and Chlamydophila organisms within Hie database. 
The PCR primers were made for the three regions 
and tested on positive control DNA isolated from a 
commercial cat vaccine that contains Herpesvirus 
Mis Feline parvovirus (distemper), Feline calwivinis 
and Chlamydia psittoci (Eclipse IV, Solvay Corp., Pis- 
cataway. New Jersey, U.S.A.). 

Study Population 

Teen cUnic Pap smear specimens that had been 
fixed in 95% cthanol were retrieved from ihe shde 
archives in the Depai'lment of Pathology, Universi- 
ty of Virginia Medical Center, from the years of 
1991 and 1992, Teen clinic specimens were diosen 
because diey represent a population at high risk for 
C trachomatis. One hundred cases within normal 
limits encompassing approximately 200 sUdes were 
processed for DNA. isolation and PCR. Patient his- 
tory was not available for review, as the samples 
were coded and made anonymous. 

Specimen Preparation for PCR 
The Papanicolaou-stained slides were soaked in xy- 
lene for one week to remove the coverslips. The 
slides were then destained with acid alcohol and air 
dried .5 Using a fresh razor blade for each specimeii, 
the entire cellular sample was scraped into a labeled 
microfuge tube. The slides were then discarded. 

DNA was isolated using the QIAmp DNeasy tis- 
sue kit (Qiagen, Valencia, California, U.S.A.) ac- 
cording to the manufacturer's specifications. All 
samples were heated to 95"C for five minutes and 
rapidly cooled and stored at -ZCC. 

PCR for the Detection of C trachomatis 
The oligonucleotide primers used were: 

CP505F 5'-GCG TAG CAG GTA A AG AAG CAC C 
CP613R 5'-CCTTTCCGCCTACACGCCCT 
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The PCR master mix coiitained 0.5 |iM of each 
primer, 1.5 mM MgCl^, 2 units of Taq polymerase 
(Qiageii) and IX Taq buffer; 5 [iL (- IGO ng) of DNA 
isolated from the sample specimen was added to 
the 50-\xL PCR reaction. This was subjected to the 
following thermal cycler conditions: for 45 sec- 
onds, 65'*C for 1 minute and 72^C for 1 minute for 35 
cycles followed by one cycle of 72"C for 5 minutes. 
The reaction was analyzed witii agarose gel elec- 
trophoresis. 

Human Growth Hormone (HGH) Gene 

HGH was used to determine if each sample con- 
tained amplifiable DNA, The oligonucleotide 
primer sequences used were: 

HGH F 1671 5'-CCC TCT TTT TAG CAG I'C A GG 
HGH R 1860 5'-TCC AGC CTC TGC AAA GTG AA 

This PCR assay produced an amplifAed product 
of 189 base pairs. liie following thermal cycler con- 
ditions were used in the HGH assay: 94°C for 45 
seconds, 59'^C for 1 minute and 72'*C for 1 minute 
for 35 cycles followed by one cycle of 72°C for 5 
minutes. ITie reaction was analyzed with agarose 
gel electrophoresis. 

Purification of PCR Product and Restriction Enzyme 
Analysis 

PCR product from DNA samples positive for 
chlamydial 16S rRNA was purified for restriction 
enzyme amdysis using tlie Qiaquick PCR Purifica- 
tion Kit (Qiagen). Sixteen microliters of purified 
PCR product was digested with 20 units of P\'u II 
restriction enzyme (NE Biolabs, Beverly, Massachu- 
setts, U.S. A.) according to the manufacturer's rec- 
ommendations and analyzed with high-resulution 
agarose gel electrophoresis. 

Agarose Gel Electrophoresis 

Chlamydia and HGH PCR reactions were analyzed 
using 2.5% agarose (DcnviUe Scientific, Metuchen, 
New Jersey, U.S.A.) gels with IX Tris Acetate EDTA 
buffer containing 0.5 jig/ mL ethidium bromide run 
at 90 V for 30 minutes. The gels were visualized 
under UV irradiation and photographed. 

High-resolution electrophoresis analysis of Pvu 
II restriction was performed using 3% Metaphor 
agarose (FMC Corporation, Rockland, Maine, 
U.S.A.) in 1 X Tris Borate EDTA buffer with 0.5 
|ig/mL ethidium bi'omide solution run at 90 V for 
45 minutes. The gel was visualized under UV irra- 
diation and photogr<)phed- 



Results 

DNA was isolated from a commerdal cat vaccine 
that contained C psitiaci and subjected to chlamydi- 
al PCR. As predicted, a product was formed with a 
molecular size of approximately 109 base pairs 
when visualized with gel electrophoresis (Figure 1 )■ 

HGH assay demoastrated that 93 of 100 samples 
contamed amplifiable DNA. Of the 93 specimens, 6 
were positive for G/itemyJitf by subsequent PGR 
analysis (Figure 2). 

The six positive chlamydial products were sub- 
jected to Pvu n restriction enzyme analysis and 
cleaved in a predictable fashion^ identical to that of 
the C psiHaci control. This restriction digest resulted 
in two fragments approximately 41 and 68 base 
pairs in molecular size (Figure 3). 

The results indicated a 6.45% positive rate of in- 
fection in the study population. TYvc HGH results 
suggested that up to a 7%^ false negative rate of de- 
tection would have occurred if this quality control 
assessment of DNA had not been performed. 




Figure 1 Photograph of a 2.5% agarose gel in 1 X TAE bufter, 90 
V, for 30 minutes. Lane 1 contains a lOO-base pair molecular 
size ladder, lane 2 and 3 contain Chlamydia genus-speczific PCR 
reactions with a C psittaci ONA fceinplate, and l^nti 4 contains 
mouse DNA (negative contnji). The PCR product is adjacent to 
the lOO-base pair portion of the ladder. 
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Figure 2 Photograph of a 2.5% agarose gel in 1 X TAt buffer, 90 
V, for 30 minutes- Lanes 1 ih rough 10 contLin C/i/*j/n)^d/a genus- 
spetific PCR reactions with Hapanfcobou samples 1-10. Urto 1 1 
is blank, lar>e 12 is Cp.7ffflc:/ { i ) control, and fane 13 is a water 
(~) control. Specimen 8 is positive for the Chhimydia sequence, 



Discussion 

C irachotnatis is the most: frequently reported sexu- 
ally transmitted disease in the United States. It has 
been associated with a variety of clinical manifesta- 
tions in both men and women,*' In women, C tra- 
dwmatis causes cervicitis, vaginitis^ endometritis, 
salpingitis, pelvic inflammatory disease and infer- 
tility.* Symptoms, when present, may include a yel- 
low vaginal discharge, pain dtuing urination, lower 
alxlominal pain, pain during sexual intercourse, 
spotting between menstrual periods, nausea and 
fever/'^ Ii\ men a chlamydial infection can lead to 
urethritis or epididymitis,^ Infants bom to infected 
women sometim-es develop conjunctivitis and 
pneumonia.^ Approximately 75% of infected 
women remain asymptomatic.^ This silent venereal 
disease can cause serioxis, irreversible damage to 
the female genital tract, leading to infertility.^ The 
cost of chlamydial illness in tlie United States is es- 
tiniated to exceed 2.4 billion annually.* Scjeening 
methods leading to early detection of C trachomatis 
would decrease the costs of treatment and associat- 
ed disease caused by untreated infections-^ C tra- 
chomatuy, when diagnosed, can be easily treated 
with antibiotic therapy/ 

SexuaJly active adolescent women are at the 
highest risk for chlamydial infections.** The Centers 
for Disease Control and Prevention has recom- 
mended screening all sexually active females who 



are younger than 20 yeiirs of age for C trachomatis 
whenever they imdergo a pelvic examination.^ Re- 
ducing the high prevalence of chlamydial infection 
requires the awareness of health care providers so 
that they recognize chlamydial illness, screen 
asymptomatic patients, treat sexual partners and 
counsel all sexually acti\''e patients about the risks 
of sexually transmitted diseases.^ The screening of 
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Figure 3 (A) Shown is a scl>ernatic representation of a restriction 
enz>'me map of the 109-43ase pair fragment iimplified by the 
ChfamydUi genus-sfwcific PCR. A Pvu U restriction site is located 
at nucleotide 41 . (B) Photograph oi a high-resolution 3% 
Metaphor agarose gel in 1 X TBE buffer, 9<) V, for 4S minutes. 
Lanes 1-6 contain die Chlamydia PCR 109™base pair product 
from samples 8, 11 , 12, 19, 38 and 89. Lane 7 is the C paittaci 
coDtri)!, an(J l^ne fl is a 2S-b<ise pair ladder. The upper row 
contains the purified, undigested PCR product and the lower row 
contains Pvu tl restriction digest products 41- and 66-base pair 
fragments. 



From (613) 991-5726 



Order # 02645684DP02062344 Thu Mar 21 01:46:01 2002 



mm 



Volume 45, Number fi/November-Decesofbeir^tQOX; > 



Page 6 of 6 



i 



IS 

n 

o 
n 
d 

:s 



13 
I 



5 -ii 



women for chlamydial infections is a critical 
component of preventing chlamydiai infections 
since many of these infections are asymptomatic 
and infections can persist for extended periods of 
time.^ 

Chlamydial PCR cei'vical tests are commercially 
available to laboratories testing for Chlamydia,^ 
Urine testing of specimens as a method of detecting 
G tmdiQinatis infection in women is currently under 
review by the FockJ and Drug Administration but 
have been approved for use in specimens from 
men. LCR, another DNA amplification chlamydial 
test, has been approved for both cervical and urine 
testing in women.^ Even though these tests are 
available to clinical laboratories, they are not used 
routinely. Most physicians in clinics treat sympto- 
matic patients for chlamydial infection. Some pa- 
tients waiting for laboratory test results do not re- 
turn for follow-up or treatment after their initial 
visit. Iherefore, i t is advantageous for physicians in 
clinics to treat patients with symptoms of Chlamydia 
and not wait for lest results. 

The Pap smear is an easy ajrid inexpensive 
method for the diagnosis of several t)qpes of cervi- 
co vagina I infection, including human papillo- 
mavinis, herpes simplex, and Trichcnnonas, among 
other cytologic findings. Pap smeeurs are not useful 
for the diagnosis of Oilamyduif' Recently, Digene 
Corporation (Gaitheisburg, Maryland, U.S.A.) re- 
ceived Food and Drug Adminisfcration approval to 
market its Hybrid Capture® 11 Chlamydia /Gonor- 
rhea Test for use in cervical specimens. This nucleic 
acid hybridization assay uses enzyme linked to a ri- 
bonucleic acid probe as the basis of signal amplifi- 
cation to identify the presence of Chlamydia and/or 
Gojwrrhoeae in women with or without symptoms 
of infection. The effective amplification of a positive 
signal is 3,000-fold due to enzymatic activity of al- 
kaline phosphatase, resulting in the production of a 
color product. 

Our. method of detecting Chlamydia in archival 



Papanicolaou-stained smears using a standard PCR 
method has an effective theoretical amplification of 
10^-109, This method would also be useful for spec- 
imens initially collected for the purpose of testing 
for the presence of Chlamydixi. In addition, this 
method of detecting Chlamydia can be used on 
archival Papanicolaou-stained smears. Further 
studies are warranted to compeire the sensitivity of 
ouj' technique with that of other methods of 
Chlamydia detection currently accepted <is cliiiically 
valid. 
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Validation of a Diagnostic Multiplex Polymerase 
Chain Reaction Assay for Infectious Posterior Uveitis 

Humeyra Dahil MD; Michelle L Holey. BS: Iherese M. Schmitz. BS; Russell N. Van Odder. MD. PhD 



Obiectlves To valide a multiplex polymerase chain re- 
action (PGR) assay capable of simultaneously screening 
vitreous biopsy specimens for a panel of common patho- 
gens in posterior uveitis, 

Mathoiks A multiplex PGR assay using novel primer sets 
for cytomegalovirus (CM\0, herpes simplex virus (HSV). 
varicella zoster virus (VZV), and Toxoplasma gondii was 
developed- The sensitivity of the assay was determined 
for purified pathogen DNA. Twenty-one vitreous speci- 
mens from patients with posterior uveitis were tested by 
both multiplex and monoplex PCR- 

ResuMs: Fewer tliaii 10 genomes of VZV and fewer than 
.1 00 genomes of HSV, GMV, and T gondii could be de- 
tected using the new primer sets. When used in multi- 
plex, the assay lost le^ss than 1. log of sexisitivity. Mono- 



plex PCR detected pathogen DNA in 18 of 21 patient 
samples; multiplex PCR detected pathogen DNA in 13 
of the 18 samples positive by monoplex PGR. None of 
10 negative control samples were positive for pathogen 
DNA. 

Cenclwsionsi Multiplex PGR has adequate sensitivity to 
simuluneously screen a substantial differential diagno- 
sis for posterior uveitis in a single reaction, without loss 
of specificity. This assay may reduce the time and cost 
involved in PGR-based molecular diagnostics of infec- 
tious pathogens. 

Clfnlcoi Relavcmcot Mutiplex PCR may allow rapid di- 
agnosis of infectious posterior uveitis. 

Arch Ophthalmol. 2001:119:1315-1322 
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THE MOST COMMON identifi- 
able causes of posterior 
uveitis are infectious. In im- 
munocompetent patients, 
Toxoplasma gondii is the 
most common infectious cause of poste- 
rior uveitis/-^ while in patients with ac- 
quired immunodeficiency s>mdrome, cy- 
tomegalovirus (CMV) is the major r^use 
of retinitis.* Other relatively common 
causes of posterior uveitis are infectious 
as well. Varicella zoster virus (VZV) and 
herpes simplex virus (HSV) have both been 
implicated as causative agents in acute 
retinal necrosis syndrome and progres- 
sive outer retinal necrosis. Both of these 
diseases are associated ynth poor visual 
prognosis/^ 

Prompt diagnosis of posterior uve- 
itis is vital for early and proper treat- 
ment. Treatment regimens for acute reti- 
nal necrosis .syndrome, GMV retinitis, and 
Toxoplasma rettnochoroiditis have 
minimal overlap, and the appropriate regi- 
men can be initiated only once the cor- 
rect diagnosis has been made. The diag- 
nosis of infectious posterior uveitis is 



usually based on clinical presentation and 
appearance. However, in a subset of pa- 
tients, media opacity or atypical appear- 
ance can necessitate additional testing to 
support a diagnosis- Historically, dilem- 
mas in posterior uveitis have been ana- 
lyzed by means of local antibody pro- 
duction (ie, the Witmer coefficient of 
normaU;:ed intraocular to serum anti- 
body titers**) or direct viral cultures. ^-^^^ Al- 
thotigh local antibody production has util- 
ity for determining a cause of some cases 
of posterior uveitis, including toxoplas- 
mosis and acute retinal necrosis syn- 
drome,'^ it is not useful for others, such 
as CMV retinitis. Viral cultures from the 
eye have poor recovery, and some organ- 
isms (such as T gondii) are not readily cul- 
tured. In recent years, the polymerase 
chain reaction (PCR) has been used in the 
diagnosis of posterior uveitis. The PCR can 
direcdy detect RN A or DNA of the caus- 
ative microorgatiisms, with sensitivity and 
specificity often greater than that of cul- 
ture. Polymerase dtain reaction assays liave 
been developed for CMV, HSV, VZV, and 
I gondii, and have shown clear utility in 
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MATERIALS AND METHODS 

PRIMER DESIGN 

[n designing a novel inuUiplex PGR, we reasoned lhal com- 
patible primcri; would share similar annealing character- 
istirs, sequence coriiplexify of rhe ampliron, and size of the 
amplicon. Previous investigators have shown that use of 
short PCR ampUcons leads to more rapid and specific am- 
plification. We designed a protocol for perforaiing short 
tandem amplification of multiple paihogens (STAMP), with 
the goal of producing primer sets for individual patho- 
gens that could be combined to function in multiplex re- 
actions. To find such primers, we designed a short com- 
puter program to scan the genomes of VZV, HSV-1 and 
RSV-2, CMV, and T gondii, and selected primeTs found in 
ending regions (with the presumption lhal these se- 
quences would be more likely to be conser\^ed than non- 
coding DNA). These are refencd to as the STAMP primers 
(Tabu 1). 

The individual primers were designed such that each 
would be 20 base pairs (bp) long; would be 60% rich in 
guanine (G) and cytosine (C) (G+C); would produce ap- 
prt)xiTnately 100- to 300-bp-long ani|)licons, with a total 
G + C content of 50% and no stretch of 20 bp with greater 
than 70% G + C; and would not cause primer dimers and 
would not amplify homologous genomic sequences in hu- 
man chromosomal DNA or other common pathogens. Re- 
sults were confirmed by nested PCR of the multiplex prod- 
uct with internal primers. The nested primers were 20 bp 
long; approximately 50% G + C content; and at least 10 hp 



internal to the outside primers. All primers were designed 
by means of sequence dataljases at the National Center for 
Biotechnological Information with the Basic Local Align- 
ment Search Tool family of programs. All primers were syn- 
thesized In 50-nmol quantities by IDT, Inc (Des Moines, 
lowiO. Primer scciuences and theif locations within the tar- 
get genes are shown in Table 1 and tabl* 2. 

PCR CONDITIONS 

Purified patliogen DNA for CMV, HSV-1, TgondlL and VZV 
(Advanced Biotechnologies Inc, Columbia, Md) were used 
to optimize the sensiti\'iry of each monoplex PCR. reac- 
tion. The individual monoplex and multiplex PCR cy- 
cling conditions were extensively optimized for denatur- 
ation, amiealing, and extension lempeiatures; magnesium 
chloride concentration; number of cycles; and concentra - 
tion of primers for each pathogen. 

For each monoplex reaction, 5 pT of sample (either 
purified pathogen DNA or patient \'itreQus sample) was com- 
bined with 5 pL of lOX PCR bnlTer (500mM potassium 
chloride; lOOmM Tris hydrochloride [pH 9.0, at 25°C]; 
1,0% Triton X- lOO); 5 }iL of 25mM magnesium chloride; 
1 pL of 0.2mM each dinucleotide triphosphates (dNTP), 
5 praol of each primer of KSV, T gondii, and VZV or 10 pmol 
of each CMV primer; and 0.25 U of recombinant Taq DNA 
polymerase (Promega, Madison, Wis) in a total volume of 
50 pL. For multiplex PCR, 5 pi. of DNA was combined with 
the same concentrations of lOX PCR buffer, magnesium 
chloride, dNTP, and recombinant Taq DNA pol^onerase as 
for monoplex. The same concentrations of all HSV, CMV, 



making diagnoses in patients with diagnostic dilein- 

One impediment to ihc routine u.se of die PGR tecb- 
nique is the necessity of performing a separate PCR re- 
action for each pathogen in the differential diagnosis. The 
serial deLcction of individual |7athogcns is time cotisutn- 
ing and may be prohibitively expensive if a large panel 
of pt^icntial pathogens are tested. Multiplex PCR is a tech- 
nique in which PCR reactions for multiple pathogens are 
performed simultaneously, in a single reaction. Multi- 
plex PCR has been applied to differential diagnoses in 
.several infectious diseascs^^ '** but has not been used In 
uveitis. In this article, we describe the design and vali- 
dation of a novel niulliplex PCR technique to diagnose 
infectious posterior uveitis. 
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MONOPLEX PCR SENSlTrvaXY 
OF STAMP PRIMERS 

The sen.siri\ities of the STAMP primers were tested in 
monoplex PCR (ie, with only 1 primer pair per reaction) 
against serial dilutions of purified padiogen DNA. i\s shown 
ill Figure 1 (left), die sensitivities of monoplex STAMP 
PCR were approximately 10 genomic copies foi VZV, CMV, 
and T gomlii (Figure 3kC, left), and approximately 100 
\4rus gent)mes for HSV. Since viral DNA amounls were 
calculated bv the manufacturer on the basis of the num- 



ber of viiions used in the DNA preparation (not account- 
ing for recovety of the DNA), these sensiti\a ties should be 
considered relative, not absolute. To determine whether 
these sensitivities were comparable to those achievexl by 
current PCR diagnostic techniques, the same pathogen 
DNA dihitions were tested with published primers from 
other laboratories (Figure 1, ri^ht, and Table 3). When used 
in monoplex, STAMP primezs were equally or mure sen- 
sitive than existing primer sets. Of note, the STAMP VZV 
primer was as sensitive in monoplex as the convention- 
ally used nested PCR primer set. No comparison measure- 
ments for 7\gofidii were performed, as the STAMP T gon- 
dii PCR is based on the highly repetitive Bl gene and is 
similar to primer sets already in use.^** 

MULTIPLEX PCR SENSITIVITY 
OF STAMP PRIMERS 

We next sought to determine the sensitivity of STAMP 
primers when all primers were combined in a mulriplex 
PCR reaction. Reaction conditions were identical to those 
for monoplex PCR, except that all primer sets were in- 
cluded in a single reaction. No false-positive bands were 
produced when multiplex PCR wbs performed on puri- 
hcd pathogen DNA. Sensitivity comparisons of mono 
plex and multiplex PCR are shown in Figure 2. Multi- 
plex PCR for VZV ^yas as sensitive as the monoplex PCR 
on tlie purified VZV DNA. The sensitivities for CMV, IISV. 
and T gondii decreased less than 1 log unit. 
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VZV, and T gondii primers were, tlien added in combina- 
tion ia a loial volume of 50 ]iL. Samples were amplified in 
200-|jL thin- walled tubes In an automated thermocycler with 
heated lid (RoboCycler Gradient 96; Stiatagcne, La Jolla, 
CaliO. Cydinj^ conditions were as fdlows: an initial 3- ininuie 
denaturation ai 94°C followed by 3*5 cycles of 30-serond 
denaturation at 94^, 30-second annealing at ^l^C, and 30- 
sccond extension at 72°C. 

The specificity of positive multiplex PCK re*iults was 
confirmed by dividing the primary PGR product and per- 
forming indi\1dual confinnaton^ PGR vAth individual nested 
primer sets. Nested primers arc showTi in Tabic 2. One mi- 
croliter of a 1:100 dilution of positive muhiplexPCR prod- 
uct was combined with 5 pL of lOX PGR buffer (compo- 
sition as above); 5 pL of 25mxM magnesium chloride; J pi. 
of 0.2mM each dNTP; 5 pmol of each nested primer of HSV, 
TgotidiU or VZV, or 10 pmol of each CMV primer; and 0.25 
U of recombinant Taq DNA polymerase in a total volume 
of 50 pL Reaction conditions were the same as for the mono- 
plex PGR. All nested reactions could be performed simul- 
taneously on the gradient thermal cycler. 

Monoplex sensiUvitics were compared with pub- 
lished protocols.^^-^''^** Primer sequences are shown in 
Tabto 3. For HSV detection, an initial denaturation at 94"G 
for 10 minutes was followed b>' 35 cycles of denaturation 
at 95°C for 45 seconds, annealing at 64"G for 45 seconds, 
and extension at 72**C for 45 seconds. For VZV detection, 
after an initial denaturation at 94°C for 3 minutes, 35 PGR 
cycles of denaturation at 94*G for 30 seconds, annealing 
at 44*'C for 30 seconds, and extension at TI^G for 40 sec- 
onds were peribnned. The VZV was detected by means of 



nested PGR, with an initial denaturation at 94'G for 3 min- 
utes and 7 cycles at 94°C for 30 seconds and at "n^C for 
40 seconds. The GMV was amplified with an initial 3-minute 
denaturation at 94'*C, and 35 cycles nf denar.uraticn at <34"C 
for 30 seconds, annealing at 52'*C for 30 seconds, and cx- 
tr:nslon at 72^C for 30 seconds. 

All amplified DNA was tletccted by agarose gel elec- 
trophoresis on 2% gels stained with ethidium bromide. 

VITREOUS SAMPLES 

Anonymous prbnar>' vitrectomy specimens were obtained 
from our own and oihcx practices. Wc obtained 16 vitre- 
ous specimens from cases of posterior uveitis that had 
previously been shown by other Laboratories to contain 
viral DNA.'" Three vitreous specimens from patients with 
active toxoplasmosis and 2 vitreous specimens from 
patients with clinical acute retinal necrosis or progressive 
outer retinal necrosis syndrome were obtained at local 
institutions at the time of vitrectomy. Ten negative con- 
trol vitreous samples were obtained at the time of Wtrec- 
tomy from patients undergoing miacular hole repair (4 
patients), rcrinal detachment repair (3 patients), clearance 
of diabetic vitreous hemorrhage (2 patients), or sub- 
macular surger>' for neovascular complex secondary to 
age-related macular degeneration (1 patient). Vitreous 
samples were immediately frozen at the time of acquisi- 
tion and stored at -20°C or lower until assay. Vitreous 
specimens were thawed at room temperature, and PGR 
inhibitors were eluninated by boiling the samples for 15 
mhiuies before assay.^^ 




VALID ATTON OF MULTIPLEX STAMP 
W^ITH VITREOUS BIOPSY SPECIMENS 

We tested the STAMP monoplex PGR assay on 16 vitre- 
ous samples collected from case^ of posterior uveitis pre- 
viously shown to contain viral DNA by means of estab- 
lished primer .sets. Frozen vitreou.s samples for CMV (10 
cases), HSV (3 cases), and VZV (3 cases) were used. The 
mon<>plcx STAMP PGR assay yielded CNIV in8 of 10 CMV 
samples, VZV in 3 of 3 VZV samples, and HSV in 2 of 3 
HSV samplei; (Tcibl« 4 and Pigur* 3). 

Single, positive bands were produced after multi- 
plex STAMP PGR of these same samples in 5 of 8 CMV 
cases, 3 of 3 VZV cases, and 2 of 2 HSV cases. Sevexal meth- 
ods for confinnatloii of positive multiplex bands were at- 
tempted, including Southern hybridization of specific 
probes to immobilized multiplex PCR products, reverse 
Southern hybridization of labeled multiplex PCR prod- 
uct to immobilized S|:jecific probes, and nested PCR of mul- 
tiplex products for individual pathogens. We found the 
last technique to be most rapid (approximately 30 min- 
utcii) and specific. Multiplex PCR products were diluted 
by 1 : 100, split into individual reacrioiLs, and amplified \\ith 
each nested primer set. AH samples that were positive by 
the multiplex PCR were specilically positive vn\h the nested 
primer set for the appropriate pathogen. In each case, rlie 
detected pathogen agreed with the pathogen detected by 
monoplex PCR (Pisure 4). One of the 10 tested vitre- 
ous samples produced 2 positive hands on nested PCR, 



for VZV and for T gondii As only VZV was detected by 
monoplex PCR, it is possible that the T gondii signal ei- 
ther was a contaminating false-positive finding or repre- 
sented a ver>^ rare commensal organism. Although the pa- 
tient sample was initially classified as VZV, no clinical data 
were available to detennine which diagnosis \'^^as more con- 
sistent \^1rh the clinical presentation. 

To determine 5i?ecificlty of multiplex PCR for pos- 
terior uveitis, \'itreous samples from 10 patients under- 
going vitrectomy for nonuveitic conditions were ana- 
lyzed using multiplex and nested confirmatory PCR None 
of the 10 samples produced visible products when tested 
with either multiplex PCR or on nested PCR of the mul- 
tiplex products (data not shown). Positive control reac- 
tions run simultaneously showed sensitivities of at least 
100 genomes for all pathogens tested, and less than 10 
genomes for all pathogens following nested confirma- 
tory testing. 

Five additional patient samples from patient; with ac- 
tive posterior uveitis were tested by multiplex PCR. These 
included 2 vitreous samples from patients with a clijiical 
diagnosis of acute retinal necrosis syndiomc or progres- 
sive outer retinal necrosis s\Tidxome and 3 vitreotis samples 
from patients with a clinical diagnosis of ocular toxoplas- 
mosis. For the patients with herpetic retinitis, one of the 
samples was found to be positive for HSV and the other 
was positive for VZV with the monoplex PCR with the use 
of either STAMP or conventional primers. Although no 
band was seen after multiplex PCR with either sample, af- 
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ter the nested PGR of the (invisible) multiplex product, 
these vitreous samples were positive for HSV or VZV, re- 
spectively. One of the 3 vitreous samples from patients with 
presumed ocular toxoplasmosis was positive for T gondii 
by means of monoplex PGR. The nested PGR was posi- 
tive for T gondii on all 3 samples (FIsvjtb 5). 



The PGR is a powerful technique for detecting pathogen 
DNA or RNA as an indication of infection. It is rapid, 
taking only a few hours to complete, and requires only a 
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' • rnS °J '"^"^'^'^ "'^"°P^«^ STAMP primBrs (left 

■ nn r J- ^ «J^tjlisi)ed polymerase chain reaction methods (right column) 
V on purrf<ed pathogen ONA (A, cytomegalovirus; hflrp6s siruplex virus 

\f ^^"^^^ '"^"''^^s sliort tandem amplification o\ 

t?iP'^'^"lf.- subsacfion of the "Materials 

■ ^" explanation of the STAMP protocol.) Fir^ lanes 
. pair rnoleci/lar size rnarkers follow^ 

ofthe posjve control viral ONA (beginning with DMA recovered from 10^ 
::: virions). TTie last lane in each column is the no-DNA negative control. 

few microliters of sample volume. The technique is ex- 
Uemely sensitive and specific; as we demonstrated in this 
study, seiisici\4iics on the order of 10 to 100 pathogen DNA 
molecules can be routinely obtained. Knox et al^- dem- 
onstrated the utihty of PCR in escabhshing a diagnosis In 
cases of posterior uvciiLs that presented as a diagnostic di- 
lemma because of media opacity, atypical appearance or 
at>T)ical response to treatment. This group detected a spe- 
cific vinas by PCR in 24 (65%) of 37 cases examined. The 
PCR diagnosis was consistent witli the ultimate clinical 
course in each case. Knox et al did not perform PCR for 
U^xoplasmosis in this study; as several of the c^ses in their 
study foUowed a cUntcal course consistent with T gondii 
infection, the yield of PCR diagnoses would likely have 
been even higher had this group l>een able to perform PCR 
for the parasite. Mitchell et al^' similarly tested vitreous 
from 30 patients with retinitis and acquired immunode- 
ficiency syndrome, determining a diagnosis in 47. Their 
PCR-based assays were similarly consistent with the rJini- 
cal courses of these patients. 

Although PCR is a rapid and useful diagnostic tech- 
nique for detection of common postenor uveitis patho- 
gens, it has not yet achieved widespread or routine use. 
Obstacles to the routine use of PCR include the rela- 
tively small number of laboratories performing the tech- 
nique, the lack of standardization among laboratories, the 
lack of chnical experience in interpretation of results (par- 
ticularly negative results), and the expense and time in- 
volved ni performing this technique. One of the major 
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*PCR indicates polymerase chain reacUon; CMV cytomegalovirus; 
HSV. herpes simplex virus; and VZV. varicella zoster virus. 

hurdles in the performance of diagnostic PCR is the ne- 
cessity of tcsthig for indi\idual pathogens serially. Be- 
cause protocols for individual pathogens have been de 
rived in independent laboratories, optimal buffer and 
cycling conditions rarely allow for simultaneous perfor- 
mance of assays. Serial testing becomes expensive and 
lime-consuming for a large differential diagnosis. Sample 
may also become liniiling if a large number of PCR re- 
actions need to be performed. The multiplex PCR was 
mi tially described in 1988.-- This technique involves de- 
tecting multiple targets simultaneously, in a single reac- 
tion. Multiplex PCR has had limited application to ocu- 
lar or s>^stcmic infectious diseases. ^^^^ For ocular disease, 
Jackson et aP® reported a multiplex and degenerate PCR 
lor the detection of adenovirus (subgenera B, C, D) and 
HSV from conjunctival swabs. This group was able to de- 
tect adenoviral DNA in 5 of 6 specimens culture- 
positive for adenovirus and IISV DNA in 5 of 6 speci- 
mens culture-positive for HSV. 

Further efforts to apply multiplex PCR to diagnostic 
applications have been limited by declining sensitivity and 
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[a] L Poslllve Controls 



PatidfTt Samptes 




Figure 3. Monopiex detection of Irozen palient samples with STAMP 
primers. (STAMP indicates short tandem amplification of multiple 
pathogens.) Rrsl lanes ana Iho 1 0[>-^a50 pair molecular size markers 
followed by 10* to 1D\ dilutions of the positive controls, 10 
cytomegalovirus-posftive samples (A) (eigttth patient v/tiu was 
cytomegalovinjs positive with the short tandem amplification ot multiple 
palhogons is not shown), 3 herpes $\mp\Bx vtrus^)ositive samples (B), and 
3 varicella zoster virus-positive samples (C). I indicates DMA marker ladder 
The last lafie in each row is the no^NA negative control. 




Figure 4. Nested polymerase chain reaction (PGR) on patient samples with 
each nested primer set (nested primer sets: A, cytomegaloviniS [CMV]; B, 
herpes simplex vms [HSV]; C, varicella zoster virus |VZVJ). First fanes are 
the 100-base pair molecular size marlter followed by lOtold serial dilutions 
of a 1:100 dilution of "first-round" PCR product geimrated from purifiad 
pathogen DNA (extracted (roin 1 0^ to 1 0^ pathogens). Row A is CMV-positive 
controls; row B. HSV-posHlve controls; aiid row C, VZV-posltlve controls. A 
1 :1 DO dilution of each pastrve PGR product from Figure 3 was tested with 
each nested primer pair. A fifth CMV-positive sample was also observed (not 
shown). Ail nested PCR pro<}ucts woro also tosted with Toxopiasma gondii 
primers; om VZV-posttive sample was also positive tor T gondii {not 
shown). L indicates DMA marker (adder. The tast lane in each row Is the 
negative control. 



specificity with increasing complexity in the primer mix. 
As the number of primer pairs increases, the complexity 
of the DNA in the annealing reactions also increases, which 
decreases sensitivity. The likelihood of primer-dimer ;>airs 
also increases, causing nonspecific amplification and de- 
creasing specificity. In designing a multiplex PCR for pos- 
terior uveitis, we sought to establish a generalizable method 
for generating primer sets and reaction conditions that 
would pmvide high sensitivity and ready compatibility with 
other primer sets. To that end, we wote a short com- 
puter searching algorithm to find compatible amplicons. 



[a] L Positive Corrtrols 




Patient NO 




Figaro 5. Nested polymerase chain reaction (PCR) on freshly acquired 
vitreous specimens. First lafies are the 100-base pair moteciitar size marker? 
followed by serial 10-fotd dilutions of the respective pufllied pathogen DNA 
(10^ to 10^) and 1:100 dilutions of primary mimiplax polymerase chain 
reaction product from vitreous biopsy specimens of 1 patient positive for 
herpes simplex virUs (A), 1 patient positive for varicBlta zoster virus (B), and 
3 patients posilh/e for Toxoplasma gondii (C). In each case, the PCR 
diaonosls was consistent wfth ttie clinical diagnosis. No patierrt was positive 
for more than 1 pathogen. L indicates DMA maricor ladder. The last lane In 
each row Is the no-DNA negative control (NC). 

Each primei- was to have a fixcdlength (20 bp), have a fixexi 
(G+Cy(A+T) composition (60%), and flank a small in 
tervening sequence (100-250 bp) with comparable (G+C)/ 
(A-i^T) composition. We were able to find such sequejices 
in all of the \nral and protozoal genomes searched. Final 
choice of pnmer sequences was directed by location in the 
genome; coding .sequences were favored over noncoding 
sequences. Genes with known mutational hotspots (ie, UL97 
of CMV^) were avoided. Using these, criteria, we devel- 
ojKd new primer sets for each of the major pathogens of 
pt>sterior uveitis. When used in monopiex, these primer 
sets showed sensitivity equal to or greater than that of es- 
tablished primer conditions, averaging bctw-een 10 and 100 
genomes in .sensitivity. Reliable detection of less tliian 10 
genomes by any technique is problematic, as serial viial DNA 
dilulions become subject to Poisson distribution variabil- 
ity. The primers were compatible in multiplex. Sensitivity 
of the niulUplcx assay was approximately 5- to 10-fold lower 
than that for monopiex. This is probably because of the 
greater total complexity of nucleic acids Intrpduced by che 
additional primer sequences. It is possible that further op- 
tiiTiizalion of the multiplex assay could yield improved sen- 
si tivity. For samples with limited volume, however, there 
is minimal loss of sensitivity for the multiplex assay when 
compared with monopiex. Given a 3-yL sample, for e.x- 
ample, one could split the sample into four L25-pT- samples 
and test each individually, or test the 5 ^L in a single mul- 
tiplex reaction. Because of the 4-fold dilution of sample in 
the monopiex leactions, the final sensitivities of each tech- 
nique would be nearly equivalent. Although limiting sample 
volume is rarely limiting for vitreous or aqueous biopsy, it 
may be limiting for conjunctival swabs or fmc-needle as- 
piration applications of PCR diagnostics. 

Our primer sets were able to detect the appropriate 
pathogen DNA in 10 of 13 frozen archival samples and 
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5 ol 5 freshly obtained samples. Mosi of the detection fail- 
ures were from the CMV group. Several possibilities ex- 
ist for the low recovery on these samples. Clinical iso- 
lates of CMV have been reported to exhibii a large degree 
of genomic polymorphism. For this reason, McCann and 
associates'^ used 2 different primer sets for CMV to test 
their samples. Our initial attempt at STAMP primers for 
CMV showed a sensitivity equal to that of existing primer 
sets on reference strain AD169. but was unable to detect 
CMV from a number of |>atient samples detectable by con- 
ventional primer sets. These primers may have been from 
a polymorx)}iic site and thus did not amplify any prod- 
uct in the PCR-negaiive CMV samples. We did not liave 
enough x-itreous sample in these cases to repeat the PCR 
using established primers. It 15 also possible that the DNA 
specimens from the outside laboratory had undergone 
ONA degradation, as the.se samples had been frccze- 
tiiawed m ultiple times and were in some cases mianY years 
old (Todd Margolis, MD, PhD, oral conmiunicaticn, April 
27, 2000). 

The STAMP technique yielded a single apparent false- 
positive result, as 1 patient with a presumpdve diagnosis 
of VZV-caused retinitis was also positive for T js^ondii. We 
believe this represents detection of actual pathogen DNA, 
as none of 10 tested nonuveitic samples were positive for 
any pathogen. Although early PCR assays for T gondii 
had relatively low sensitivity (approximately 30%),^-^-^ 
more recent primer sets using highly repetitive Tgondri 
genes such as the Bl gene have ^nelded sensitivities 
from vitreous samples in the 60% to 70% range.^* Re- 
cent primer sets have had sensitivity approaching 1 
tachyzoite.^^ The prevalence of anti-Tgoniili antibodies 
in healthy adults in the United States is 40% or even 
higher,^ and T gondii cysts have been Isolated from clini- 
cally normal-appearing retinal sites.^' Our false-positive 
result may represent a remote latent ocular 7 gondii in- 
fection, or it may have resulted from parasitemia from a 
nonocular site due to breakdown of the blood vitreous 
barrier, caused by the ocular VZV infection. In our use 
of PCR we have encountered several other apparent false- 
positive results for herpesvirus families. In particular, in 
cases with denscviiritis, a weak CMV-positive signal can 
be seen that may represent episomal virus latent in white 
blood cells,^ Short et al'^ similarly found false-positive 
results for VZV when their nested PCR assay was fully 
optimized, possibly because of detection of rare copies 
of hitent virus (perhaps even in the corneal and scleial 
nervxs sampled during specimen acquisition). Perform- 
ing a dilution series of positive control samples may help 
distinguish commensal from pathogenic infection for some 
infectious uveiiides. In the present series of padents, for 
example, all patients with VZV-caused disease had semi- 
quantitative PCR signals comparable to approximately 
1000 viral genomes per 5 pL of vitreous. Commensal or 
carryover contamination would be expected to have lower 
vLral loads. 

Although die STAMP rauhiplex PCR technique is 
presently useful for diagnosis of posterior uveitis, thie true 
utility of the technique will hkely emerge as the differ- 
ential diagnosis for PCR-detectable organisms grows. The 
PCR detection of less common causes of posterior iive- 
, itis, including Lyme disease,^**-^ syphilis,^^ mycobacle- 



32,13 lymphoma,**'" and even Whipple bacillus,^^ has 
» nSw I5ecn reported. Serial examination for all of these di- 
agnoses would Ux available sample volumes and would 
likely be prohibitive in terms of time and expense. Suites 
of STAMP primers to evaluate classes of infectious pos- 
terior uveitis could be synthesized. Similarly, PCR- 
based diagnosis of infectious endophthalmitis'^'*^ re- 
quires the ability to detect any of a large number of 
potentially causative microorganisms. Although the use 
of "universal" ribosomal DNA primers allows detection 
of the presence of bactcriar'^ **^ actual diagnosis requires 
precise typing. This is presently perfonned by sequenc- 
ing, hybridizing, or restriction digest fingerprinting the 
universal ribosomal DNA product, but it could be [)er- 
formed with greater speed and high specificity through 
a STAMP-based multiplex PCR with the use of nested 
primer sets. Other future uses of multiplex PCR include 
the rapid diagnosis of infectious conjunctivitis (where 
multiple strain types of pathogens make serial PCR dif- 
ficult), diagnosis of delayed-onset endophthalmitis;^^ and 
multiplex strain typing of pathogens with variable anti- 
biotic responses, such as CMV" and T gmdii^^ ^*^ 

Accepted for publication March 8, 2001. 

Dr Van Gelder is supported by the Research to Pre- 
vent Blindness Career Devehpnent Award (New York, NY), 
the Becher Clinician'Scientist Award of the Homcrest Foun- 
dation (Ossining, NY), and the Thomas D. and Ruth Byers 
Heed Fellowship (Cleveland, Ohio). This work was sup- 
ported by an unrestricted departmental grant from Re- 
search to Prevent Blindness, and a deparlmmtal core gi ant 
from the National Eye Institute, Bethesda, Md. 

We tkanh Todd P. Margolis, MD, PhD, and Daniel F. 
Manin, MD, for kindly providing the reference vitreous 
samples for this study: Travis Meredith, MD, Henry Kaplan, 
MD, and LeventAhduman, MDjor providing t^idditional pa- 
tient samples; and Henry Kaplan, MD, and Michael Kass, 
MD, for support and encouragemenl. 

Corresponding author and reprints: Russell N. Van 
Gelder, MD, PhD, Department of Ophthalmology and Vi- 
sual Sciences, Washington University Medical School, Cam- 
pus Box 8096, 660 S EucM Ave, St Louis. MO 631 1 0-1093 
(e-mail: VanGelder^vision.wustledu), 



1. RothDva A. Ocular involvement in toxoplasmosis. Br J Ophthalmoi 1993:77: 
3/1-377. 

2. Aouizerate F, Cazsnave J. Loiriflr L, et at Detection of Toxoptasma gondi/m aque- 
ous Immourby H)e polymerBse chain reaction. BrJOphth&lmo}. 1993:77:107-109. 

3. de Smet MO. Oiltefentiat diagnosis of retinitis and choroiditis in patients wHt* 
acquked ImniuftodBficisncy syndrorne. AmJMed. 199?.;9Z{sijp(tl):17S-215. 

4. Ganatra JB, Ct)andler D, Santos 0, Kiippennan B, Margolis TP. Viral causes of 
acute retinaJ necrosis syndrorrw. 4m J DpWfta/mo/. 2000;129:166-172. 

5. Margolis TP. Lowder CY, Holiand GN. el at. Varicella-zoster virur, retmilis in pa- 
tients with Ihfl acqulned Immunodellciency syi^^rome. Am J Ophtttafmoi 1991 ; 
112:119-131. 

6. Witmer R. Antibody formation in rahbit eye studied with tluoresccin-labcled an- 
tibody. Arcft Oplfthalmof. 1955;53:811-816. 

7. Messmer EM. Raizman MB, Fosler CS. Lepromalous uveitis diagnosed by iris 
biopsy. GraafssAfch Cfin £xp OphtliatmoL 1998;236;717-719. 

3. Fox GM, Crpuse CA, Chuano EL, et al. Detection of herpesvirus DNA In vflreous 
and aqueous specimerw by the polymerase cha>n reaction. Atvh Ophthalinoi. 1 901 ; 
109:268-271. 



ARCH OPHTHALMOL/ VOL 119, SEP 2001 

1321 



WWW.ARCHOPHTHALMOL.COM 



From (613) 998-8841 



Order # 02645696DP02060684 Wed Mar 20 18:36:11 2002 



Page 9 of 10 



9. de Boer Jii, Vertiagan C, Bruinenberg M, et al. Serologk; and polymerase chain 
reaction analysis o1 Inlraociilar fitiids l» the diagnosis of infectious uveitis. Am 
JOphmimot. 1996;t21;6aQ-B58, 

10. Runuyer-Brandle E, Roux L, Leuenberger PM. Bilateral aciile relinal necrosis 
(BARN): Idenliflcalion of the presutnet) inlettious agont. Ofihthalmology. 19ft4' 
91:1643-1658. 

11 . de Boer JH, Luycndijk L, Rothova A. el dl. Deteclion ol imraocu la r antibody pro- 
duction to herpesviaises in acute retinal necrosis syndrome. Am J Ophthalmol. 
1994;117:;?01-210. 

12. Knox CM, Chandler 0. Short GA, Margolis TP. Polymerase chain reaction- 
based assays of vitreous samples tor the dlaanosis of viral retinitis: use (n di- 
agnostic df lemmas. Ophthalmol6gy. 1998:105:37"44. 

13. McCann J. Margolis T. Wong M, et al. A sensitive and specific polymerdso chaiti 
reaclion- tesod assay for the diagnosis ol cytomeoalovints retinitis. AmJOph- 
f/H/moA 1995;120:219-226. 

1 4. Montoya JG, Par mley S. Liesenl^ld 0. Jalfe GJ, Remington JS. Us** of tlie poly- 
merase chain roaction tor diagnosis al ocular toxoplasmosis. Ophthalmology. 
1999;106;1554-1563. 

15. Ikonomopoulos JA, Gorgoulis VG. Zacharalos PV, gl al. Muttiplex polymerase 
chain reaction for the deiecUon of niycobactertal DNA in cases of tuberculosis 
and sarcoidosis. ModPaihol. 1999;12:8f>4-fiG2. 

1 6. Jackson R, Morris DJ. Cooper RJ, et al. Multiplex potymerase chain reaction for 
adenovirus and Iterpes simplox virus In eye swabs. J Vlroi MMhods. 1996:58: 
41 -4S. 

17. Short SA. Margolis TP. Kuppermann BQ. Nne AR. Martin ur, Chandler D. A 
polymerase chain reaction -basod assay lor diagnosing varfcclla-zoster virus ^^^t^- 
nitis in patients with acquired immunodeficiency syndrome. Am J Ophthalmof. 
1997;1 23:157-154. 

18. Cunningham ET Jr, Short GA, Irvine AR, Duker JS, Margolis TP. Acquired im- 
munodeficiency syndrome- -associated herpes simplex virus retinitis: clinical de- 
scription and use of a polymerase chain reaction-based assay as a di.ignoslic 
too!. Arch Ophthalmol. 1 996; 1 1 4:834-840. 

19. Chan C, Palestine A. Li Q, Nussent)latt R. Diagnosis of ocular toxoplasmosis by 
use q( immunocytology and the polymeta-se chain reaction. Am J OphihslmoL 
1994;1!7:803-«05. 

20. Biswas J, Mayr A, f^artin W. Rao N, EJetecfcion of human cytomagatovlrus in ocu- 
lar Ussues by polymerase chain reaction and in situ DUA hybridization. Gmofas 
Arch am Exp Ophthsfmol. 1993;231:66-70. 

21. Mfldiell SM, Fox JD, Tedder RS, Gazzard BG. Uohtman S. Vitfttous fluid sam- 
pling and viral genome detection for the diagnosis of viral retinitis in patients 
with AIDS. J Mad VU\>1 1 994;43r336-340. 

22. Chanibertain JS, Gibbs RA. Ranier JE, Wguyon PN. Caskey CT. Deletion screen- 
irtg o< the r>uctienn6 muscular dystrophy locus via multiplex DMA ampIiHcaUon. 
Nucleic Acids 1 988;1 6;11 141 -1 1 1 56. 

23. Liu W, Kuppermann BO, Martin DF, Wolitz RA. Margolis TP. Mutations in the 
cytomegalovirus UL97 gene associated with ganciolovlr-rasistant retinitis. //i- 
toO/s. 1998;177:1176-1131. 

2i. Brezifl A, Eqv:/uagu C. Silvetra C, etat. Analysis of aqueous humor in ocular toxo- 
plasmosis [letter J. A/ Engl J Med. 1 991 :324:699. 

21j. Jones CD. Okhravi N, Adamson P. Tasker 5, Lightman S. ComparL<ion o( PCR 
deteclion methods tor B1. P30, and 18S rD«A genes of L gondii in aque- 
ous humor. Invest Ophthnlmof Vis Sci 2000:41:634-644. 



26. Beaman M. McCabe R, Remington ,1. Toxoplasma gondii. In; Mandell G, Bennett 
^ ^ .\, Qplin R, eds. Principles and Practice of lofactious Oi^vases. Wew York, NY: 

Churchill Livingstone; 1995:2455-2475. 

27. Holland G, O'Connor G. Betfort R, Remington J. Toxoplasmosis. In; Pepose J. 
Holland 6, Wilhalitius K. eds. Ocuiar Infevtian and fmmisnity. St I ouis; Md; CV 
Mosby; 1996:1 183-1223. 

?,B. fiawtlnson W. Diagnosis o( human cytoinegalavirus infection and disease, 
Pathology. 1999;31:1Q8-115. 

29. Schmidt BL. PCR In labai^tory diagnosis of hunvm Borrelia bargdorkri\n'[t\i- 
lions. dio Microbiol Rov. 1997; 10: 185-201. 

30. Hilton E, Smith C, Sood S. Ocular Lyme borreliosis diagnosed by polynterase 
chain reaction on vitrijous fluid. Ann Intern Med. 1996;1 25:424-425. 

31. Genest DR. Chal-Hong SR, Tate JE, OureshI F, Jacques SM, Crum C. Diagnosis 
of congenital syphilis from placental examlnatton: comparison ol histopathol- 
ogy, Steiner stain, and polymerase chain reaction for Treponema paiUdum OUA. 
Hum Pathol. 1 996;27:366-372. 

32. Kolake S. Kimura K. Yoshikawa K, et al. Polyin^srase chain reaction ioi the da- 
tedion oi Mycobacterium tuberculosis in ocular tuberculosis. Am J Ophthal- 
mf?/. 1994;117:805-806. 

33. Gupta V, Arora S. Gupta A. Ram J, Bambery P, Sefigal S. Managemeni of pre- 
sumed inlraocular tuberculosis: possible role of the polymerase chain reaction. 
Acta Ophthalmol Scand, 199fl;76: 679-682. 

34. Duggage RR. Vele2 G. Mycis-Powell B. Shen D, Wfiitcup SM, Chan CC. Priman/ 
Intraocular lymphoma with a law Interleukin 10 to Interleukin 6 ratio and 
heterngeneous IqH gerin roarrangemant. Arch OphthalmoL 1999; 117-1 239- 
1242. 

35. Shen DF. Zhuang Z, LeHoang P. el al. Utility ol microdlsseciion and polymerase 
chain reaction fortht; detection of immunoglobulin gene rearrangement and irans- 
localion in primary Intraocular lymphoma. Ophthalmology. 1 998; 105: 1664- 
166S. 

36. Rickman I S. Freeman WR. Green WR, etaL Brief report: uveitis caused by Tro- 
pheryma whippelii (mm\Q's bacillus), ^fr^/ J A-ferf. 1995;332:363-366. 

37. Theresc KL, Anand AR, Madhavan HN. Polymerase chain reaction in the 
diagnosis of bacterial endcpbthalniitis. Br J Ophthalmol. 199B;82;1D7ti- 
1082. 

38. Hykin PG, Tobal K, Mclntyre G, Matheson MM, Towter HM, Lightman SL. The 
diagnosis of delayed po.«Jt-(jperaiiv« endophthalmitis by polymerase chain 
reaction of bacterial DNA in vitreous samples. J Med Microbiol. 19g4;40-408- 
415. 

39. Lohmann C, Linde H-J. ReischI U. Improved deiocllon of microorganisms in de- 
layed endophthalmllls (olifM'ing catarati surgery by PGR. Ophthalmology. 2OO0; 
107:1047-1051. 

40. Knox CM, Cevallos V, K4argolts TP, Dean D. Identification of bacteiiat pathogens 
in patients wKh ondophthalmitis by 16S ribosonwl DMA typing, >!tm J 

m/j/. 1999;128:511-512. 

41. Lohmann CP, Heeb M, Linde HJ, Gabel VP, ReischI U. Diagnosis of infectious 
endophthalmitis after cataract surgfiry by polymerase chain reaction. J Cataract 
Refract Surg, 1 998; 24:821 "fl26. 

42. Sibley LD. BcMTthroyd JC. Vimlem strains of Toxoplasma gondii comprise a single 
clonal lineage. Nature. 1992;359:82-85. 

A3. Sfbley LD, Boothroyd JC. Construction ol a molecular karyotype for Toxo- 
plasma gondii. MolBiochern Parasitol 199?.;5 1:2:9 1-3 00. 



AKCH OPHTHAIMOL/ VOL 1 L9, SEP 200J WWW. ARCHOPHTHALMOL.COM 

1322 



